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MUTATION IN COLLETOTRICHUM FALCATUM WENT, THE 
CAUSAL ORGANISM OF SUGAR-CANE RED ROT 


B. L. CHonal and M. EK. Hineoranti?2 
(Accepted for publication August 20, 1949) 


INTRODUCTION 


During the course of comparative studies on three isolates of Colleto- 
trichum falcatum Went, it was found that isolate 29 was not constant in its 
cultural characters. Eighty out of 100 monosporous cultures of isolate 29 
resembled the original, being light-colored and profusely sporulating, but 
the remaining 20 cultures were dark and sporulated scantily. There was 
little likelihood of impurity in the original culture of isolate 29, because it 
originated from a single spore; it seemed more probable that mutation oe- 
eurred. Abbott (1), from a study of about 500 isolates of C. falcatum, 
concluded that the fungus remained stable morphologically and that see- 
toring or other forms of extreme variation did not appear in culture. 
Ramakrishnan (4+), however, reported a single saltant on Richards’ medium. 

The question naturally arose as to the frequency, the stability, and the 
virulence of variants in this fungus. The present paper reports work 


with three single-spore isolates and with two mutants. 


MATERIALS AND METHODS 


The three isolates were numbered 8, 29, and 78. They originated as sin- 
gle spores from the diseased canes of different varieties collected from widely 
separated localities. Isolate 3 is a dark type that sporulates sparsely and is 
a weak parasite. Isolate 78 is light in color, sporulates abundantly, and is 
highly virulent. Isolate 29 is also a light type and sporulates abundantly, 
but is intermediate in virulence. 

Both isolates 29 and 78 gave rise to mutants, designated 29D and 78D. 
Both mutants were dark types and sporulated scantily or failed to sporulate. 

For single-spore isolation the method described by Rawlins (5. p. 91) 
was adopted. 

Two media were used in these studies. A modified Richards’ agar con- 
tained 10 gm. potassium nitrate (IKNO,), 5 gm. acid potassium phosphate 
(KH.PO,), 2.5 em. magnesium sulphate (MgSO,:-7H.O), 30 gm. saecha- 
rose, 15 gm. agar, and 1000 ml. water. An oatmeal agar, on which spores 
were produced for measurement, contained 50 gm. oatmeal, 15 gm. agar, 
and 1000 ml. water. 

To test the virulence of the three isolates and the mutants, inoculations 
were made on canes growing in the field as well as on freshly cut mature 
canes in the laboratory. 


1 Assistant Svstematie Mvycologist; formerly, Plant Pathologist for Sugar-cane 
Diseases, 
2 Assistant Plant Bacteriologist. 
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FREQUENCY OF MUTANTS IN CULTURE 


Chaudhuri (3), working on Colletotrichum biologicum Chaudhuri, came 
to the conclusion that Richards’ medium greatly favored saltation. Brown 
(2) stated that the tendency for strains of Fusarium fructigenum Fr. to 
saltate was a function of the medium and that saltants were more likely to 
be formed on a medium which combined high concentration with minimal 
staling capacity. He further showed that a concentrated synthetic nu- 
trient, like Richards’ agar, induced saltation and that saltants were more 
frequent in old cultures. 

Isolates 3, 29, 78, 29D, and 78D were grown on the modified Richards’ 
agar in Petri dishes of uniform size (12 em. diameter) and containing the 
same amount of medium evenly distributed. They were kept at room tem- 
perature (25° to 28° C.) until the fungal growth almost filled the Petri 
dishes. They were then wrapped in greaseproof paper and removed to a 
constant temperature of 15° C. for 2 months. From each of these cultures, 
which were nearly 3 months old, twelve transfers were made, four from the 
eenter, four from the periphery, and four from midway between center 
and periphery. 

All the subcultures of the dark-colored isolates 3, 29D, and 78D re- 
mained true to type. Seven subcultures of isolate 78 were typical but the 
remaining five developed dark mycelium without pink masses of spores 
and were designated as 78D, the mutant type. Isolate 29 also mutated. 
Four cultures resembled the original isolate, whereas eight subcultures were 
similar to the mutant 29D. 

From each of these subcultures secured, four transfers, two from spores 
and two from mycelium, were made. Isolates 3, 29D, and 78D remained 
stable, whereas isolates 29 and 78 again gave rise to 29 and 29D or 78 and 
78D, respectively. 

These results show that isolate 29 on modified Richards’ agar mutated 
frequently to give rise to the 29D. Mutants were less frequent in isolate 
78 on this medium but were always of the 78D type. <A dark color in cul- 
ture and a reduction of sporulating capacity characterized the mutants. 

These five isolates were also grown on oatmeal agar. Isolates 3, 29D, 
and 78D remained stable, but isolates 29 and 78 produced dark-type mu- 
tants resembling 29D and 78D. The frequency of the dark-type mutants 
on this medium was, however, less than that observed on the modified 
Richards’ agar. 

EFFECT OF AGE OF CULTURE 

The five Colletotrichum falcatum isolates were grown on oatmeal agar 
and carried through nine subeulturings at one-month intervals. From 
each of these subcultures of varying ages, five transfers were made to ob- 
serve the effect of age of culture on mutation. The cultures were kept at 
room temperature (25° to 28° C.) for 15 days to attain sufficient growth 


and then were stored at 15° C. 
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Transfers made from the first three subcultures, which were more than 
6 months old, failed to grow. Dark-colored isolates 3, 29D, and 78D gave 
their typical growth in all the remaining transfers made from the fourth to 
ninth serial subcultures. Isolates 29 and 78, on the other hand, showed a 
distinct tendency to produce dark mutants in older cultures as shown in 
table 1. 


TABLE 1.—Effect of age of culture on mutation in Colletotrichum falcatum isolates 


Age of Cultural types nonewenes from 


eulture 


; Isolate Isolate Isolate Mutant Mutant 

(months ) 3 29 78 29D 73D 
9 None None None None None 
8 None None None None None 
7 None None None None None 
6 3 29D 78D 29D 78D 
D 3 29D 78D 29D 78D 
4 3 29, 29D 78, 78D 29D 78D 
3 3 29, 29D 78,78D 29D 78D 
2 3 29, 29D 78,78D 29D 78D 
] 3 29 78 29D 78D 


SPORE SIZE OF ISOLATE 29 AND ITS MUTANT 29D 


Conidia from 15-day-old cultures of isolates 29 and 29D, grown on oat- 
meal agar and incubated at 22°-25° C., were measured. Two hundred 
spores of each isolate were measured, care being taken that not more than 
25 spores were measured from a single microscopic field. The data are 
presented in table 2. 


TABLE 2.—Length and width of 200 spores of isolates 29 and 29D of Colletotrichum 
falcatum 


Frequency elasses Number of spores in each class 


(microns) Isolate 29 Mutant 29D 
Spore length 
14-18 2 37 
18-22 10 a 
99-96 84 a 
26-30 91 16 
30-34 13 . 
Spore width 
o_4 6 es 
Se 189 184 
6-8 5) 4 


Isolate 29 has longer spores than its mutant 29D and the differenee was 
found to be statistically significant. There is no significant difference, 
however, in their width measurements. Average spore size for isolate 29 
was 27.1 x 4.99 » and for isolate 29D, 20.3 x 4.92 yp. 
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VIRULENCE OF ISOLATES 29 AND 29D ON CUT CANES OF CO. 213 


Mature canes of Co. 213, a variety highly susceptible to red rot, were cut 


and washed thoroughly after leaves were stripped and tops removed. All 
the canes selected were of the same age and size, usually about 70 in. long 
and 1 in. in diameter. The middle internode was surface-disinfected with 
(0 per cent alcohol. Equidistant from the nodes a hole was punched, with 
1 Steril ‘ork borer, to about two-thirds the thickness of the cane. Inocu- 
hin solate 29 or of its mutant 29D was introduced into the hole. the 
TABLE 3 Virulence of isolate 29 and the mutant 29D on cut canes of Co. 2138 
: a Linear spread of infection (inches 
Isolate 29 Mutant 29D 
l 10.00 3.50 
38.50 12.00 
46.00 4.25 
4 $7.00 $8 OO 
; 16.75 57.00 
34.25 5.00 
7 29 50 19 00 
s 46.50 30.00 
) Bo det 805 4.00 
10 50.50 9.50 
1] 34.50 13.00 
9.50 18.00 
13 17.50 6.25 
14 3° 00 31.75 
15 39.00 5.50 
16 33.50 29 00 
17 18.25 .25 
18 99.75 5.00 
19 "8 O00 4.50 
2”) 18.00 35.00 
>] 6.50 12.25 
29 13.00 $3.00 
23 17.50 38.50 
24 99 75 5.00 
On 25,00 No observation 
Mi 29.62 18.50 
St ition 11.72 16.27 
St of the mean 2 34 d.oa 
D the two means 11.2 
Star of t lifference 4.1 
lu replaced, and the surface was smeared with melted paraffin. A 
Strip aper tied around the inoculated portion of the cane also kept the 
») position. The inoculated canes were kept in a moist sand bed at 
temperature (22° to 20° C.) for about 1 month. They were then 
plit open longitudinally and the linear spread of the fungus in the cane 
as isured (Table 3 No infection was observed in the control canes 
vl had been treated exactly like the inoculated canes except that no 
nocul 1) Was placed in the punched hole. 
| the various biometric constants calculated (Table 3), it is clear 


difference between the two means (11.1) is greater than twice the 
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Standard Error of the Difference (4.1), indicating thereby that the differ- 
ence in the pathogenicity of isolate 29 and its mutant 29D is highly signifi- 
eant and that the mutant is less virulent than its parent. 


VIRULENCE OF ISOLATES AND MUTANTS IN THE FIELD 


Kifty growing canes of each of nine cane varieties (Co. 213, 223, 312, 
313, 331, 356, 419, and 421), with greatly varying genetic composition and 
susceptibility to red rot, were inoculated with isolates 3, 29, and 78 and 
mutants 29D and 78D during October, 1943. Inoculations were made by 
the plug method in the basal region of the cane about 1 ft. above ground 
level. In March, 1944, the linear spread of the fungus was measured 
(Table 4). The controls, which were treated in exactly the same way as 


TABLE 4.—Virulence of five isolates on nine cane varieties in the field 


Average linear spread of infection (inches) per cane 


Variety - 
inoculated Isolate Isolate Isolate Isolate 


Isolate 

29 29D 78 78D 3 
Co. 213 11.0 5.8 36.0 24.7 1.6 
Co. 223 21.0 28.1 57.6 59.8 0.2 
Co. 299 21.3 11.1 60.8 57.0 6.0 
Co. 312 12.4 15.1 29.8 33.7 4.0 
Co. 313 10.7 8.1 22.0 20.4 1.1] 
Co. 331 14.4 1.8 34.0 32.9 0.5 
Co. 356 9.9 1.1 33.6 18.0 0.4 
Co. 419 1.2 2.5 30.0 21.9 1.1 
Co. 421 11.6 10.0 19.1 14.0 0.7 


the inoculated canes except that no inoculum was given, had no infection. 

As in the laboratory tests, mutant 29D was less virulent on Co. 213 
cane than was its parent. In general the dark-colored mutants were less 
virulent than their respective parents. On Co. 312 and 223, however, the 
attack by the two mutants was slightly greater than that of their parents. 


DISCUSSION 


It has been generally believed that mutation or other forms of marked 
variation do not oceur in Colletotrichum falcatum. It was of interest, 
therefore, that monosporous cultures of the light-colored isolate 29 were 
found to give rise to dark-colored and scantily sporulating mutant 29D. 
When the €. faleatum isolates were grown on the modified Richards’ agar 
for a long time and then subcultured, it was found that not only isolate 
29 produced dark-colored mutants of 29D type, but even isolate 78, which 
formerly had remained stable, mutated. 

The present investigation has thus shown that mutation does occur in 
Colletotrichum falcatum and that richness of medium and age of culture 
are ereatly conducive to the occurrence of such mutations. These two 
conditions are amply fulfilled in nature: in the field the organism C. fal- 


catum, when-it attacks cane, is in a Way growing in a medium much richer 
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than Richards’ agar, the sugar content of mature canes being approxi- 
mately 15 to 20 per cent, and by the end of the season the fungus, in a 
red-rot-affected cane in an advanced stage of infection, is easily 5 to 6 
months old 

Furthermore, the mutant 29D is morphologically distinct from its par- 
ent both in colony color and spore size. Pathogenicity tests, carried out in 
the field and in the laboratory, have further revealed a change in virulence 
of the mutants from their respective parents. On Co. 213 and several 
other varieties the dark-colored mutants are less virulent than their light- 
colored parents; on Co. 312 and 223, however, the mutants produce a rela- 
tively greater amount of infection than do the parents, suggesting thereby 
the development of Colletotrichum faleatum isolates particularly virulent 
on certain cane varieties. This is exactly what may have happened in 
India during 1938-1939 when the sudden occurrence and predominance of 
a new type of C. falcatum resulted in a widespread red-rot epidemic in the 
eastern United Provinces and northern Bihar, the most important sugar- 
cane tracts of India, and complete failure of an important commercial va- 
riety, Co. 213, in a tract where it had flourished and faithfully served the 
sugar industry for nearly a decade. An exact parallel of this has been re- 
ported by Abbott (1) from Louisiana which also resulted in the failure of 
PQ.) 213, an important commercial cane variety in the United States. 

It may, however, be mentioned that in both these cases the virulent new 
race that arose was a light-colored Colletotrichum falecatum. Although the 
present investigation has shown a change from the light-colored parents to 
dark-type mutants only, further work along these lines may reveal the con- 
ditions responsible for the production of light-colored and highly virulent 


mutants from the dark-colored and weakly parasitic types of C. falcatum. 
yj t 


SUMMARY 

Mutation has been demonstrated in certain isolates of Colletotrichum 
faleatum Lieht-colored isolates 29 and 78 mutate frequently ona rich 
medium, like Richards’ agar, but the dark-colored isolate 3 and the mutants 
29D and 78D remain stable. 

It has been further shown that the frequency of mutation increases 
with the age of culture. The mutants 29D and 78D produce dark-colored 
mycelium and sporulate scantily. Mutant 29D has shorter spores than its 
parent 29 

Furthermore, two mutants are less virulent than the parent isolates on 
seven cane varieties. On Co, 312 and 223, however, they have greater viru- 
lence than the parents 

Thanks are due to Dr. R. S. Vasudeva, Head of the Division of Mycol- 
ogy and Plant Pathology, Indian Agricultural Research Institute, for his 
kindly going through the manuscript and helpful suggestions. 

[INDIAN AGRICULTURAL RESEARCH INSTITUTE 

NEW DELHI, INDIA 
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GRAY MOLD OF LIMA BEANS! 


} KENDRICK, JR., AND JOHN TT. MIDDLETON? 


Accepted for publication September 10, 1949) 


During the 1948 season a severe outbreak of gray mold was found on 
plants of Fordhook Concentrated Lima bean (Phaseolus lunatus L.) in a 
field in Ventura County, the principal production area for this crop on the 
southern coastal plain of California. The organism Botrytis cinerea Pers. 
was isolated and demonstrated to be the causal agent of the disorder. It is 
the purpose of this paper to report field observations and laboratory experi- 
ments concerned with this disease, together with a presentation of symptoms 
and a brief discussion on its epidemiology and control. 

Gray mold of field and snap beans (Phaseolus vulgaris L.), caused by 
Botrytis cinerea, occurs occasionally in the field but is most destructive on 
pods shipped to the fresh-vegetable market, according to Harter and Zau- 
mever (2). Weiss (6)° records a report by L. L. Harter and W. L. Weimer 
that Botrytis cinerea was the cause of a pod rot of Lima beans in a field at 
Irvine, California, in 1946; and also an incomplete report of a pod rot of 
Lima beans occurring at Richmond Beach, Washington, in 1944. Campbell 

l rece ntly reported serious losses caused by B. cinerea in 1948 in some 
fields of the Blue Lake variety of snap beans in western Washington. Moore 
5) states that chocolate spot, caused by B. cinerea, was the most serious dis- 
ease of the field bean Fr. vulgaris and of the broad bean Vicia faba L.) 
in England in 1944 


SYMPTOMS 


The symptoms of gray mold on Lima beans are similar to those on field 
and snap beans. With the exception of blossoms which may be invaded di- 
rectly by germinating spores, lesions originate on any portion of the plant 
in contact with Botrytis-contaminated plant debris or where an infected 
blossom is lodged (Fig. 1, A, and Fig. 2). Lesions on leaves and pods are 


at first water-soaked or translucent, often with concentrie rings of darker 


oT sh-gray tissue which soon becomes flaccid and slimy. Sporulation oe- 
rs freely under highly humid conditions, giving a grayish cast to the 
affected parts, from which the name * @ray mold’? is derived. 
Un eonditions of abundant atmospheric moisture, it is common tor 
infection to progress from the leaf lamina to the petiole and then to the stem. 
nfected petioles soon collapse and become slimy. On infected stems longi- 


nal brown streaks, with the fungus fruiting on the lesions, are frequent. 


Occasionally, if the organism girdles the stem, the terminal portion of the 


pDiant its and collapses 
No. 608, Universit f California Citrus Experiment Station, Riverside, Cali- 
Assistant Plant Pathologist, and Associate Plant Pathologist, respectively, Univer- 
{ \ eriment Station. 
S plement nformation transmitted in correspondence with the authors. 
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Blossoms may become infected at any stage of maturity. The petals turn 
brown and when sporulation occurs become velvety gray (Fig. 1, B and C). 


Like other organs of the bean plant, the pods may become infected at vari- 





Fig. 1. Plant parts of a commercial freezing Lima bean (Fordhook Concentrated), 
showing different symptoms of infection with gray mold (Botrytis cinerea). A. Leaf 


infection (note lesion at point where blossom is lodged). The noninfected leaf and 
blossom had been sprayed with a water suspension of spores of B. cinerea and main- 
tained in a moist atmosphere for 66 hr. Infection of the blossom resulted in leaf infec- 


tion. B. Mature blossom infected while still attached to an immature pod, which is as 
yet unaffected. C. Slightly immature infected blossom showing flower discoloration, 
with fine hyphal growth and conidiophores on the affected parts. Terminal blossoms in 
Band C have no signs of infection 

ous staves of maturity if in contact with blossoms or debris contaminated 


previously with Botrytis (Fig. 2 


FACTORS FAVORING DISEASE DEVELOPMENT 


Campbell (1), Klotz ef al. (4), and Moore (5) report that moisture is 
the most important factor in the development of gray mold. Conditions 
that prevent rapid air circulation around the plants contribute to the main- 


tenance o 


a highly humid atmosphere and thus, indirectly, to the develop- 
ment of gray mold. 

Certain practices in bean cultivation favor the development of the dis- 
ease. Campbell (1) observed that where plants of dense foliage were left 


unthinned in rows spaced 4 ft. apart and at right angles to the direction of 
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the prevailing winds, gray mold developed in severe proportions when rains 
were unusually frequent. In contrast, the disease was less severe where 
foliage growth was not so dense and plants were thinned, in rows 6 ft. apart, 
parallel to prevailing wind direction. 

Similar variations from the usual procedure in Lima bean production 
encouraged the development of gray mold of Lima beans in Ventura County, 
California, in 1948. Normally, little if any fertilization is used, and rows 
are spaced 30 in. apart. Fogs of varying densities often occur during the 
summer within the 5- to 10-mile border area adjacent to the ocean, but if 
moisture is needed after pre-irrigation, alternate rows are furrow-irrigated. 


The particular field under observation had formerly been a lemon grove in 





B C D 





Fic. 2. Botrytis-infected pods of commercial freezing Lima bean at various stages 
of maturit Note the presence of leaf (A and flower parts (B and C) at infection 
sites DD. Pod infeeted by contact with a contaminated bean leaf. 


which much residual fertility was available. In addition, 50 lb. of available 
nitrogen was applied per acre. As a consequence, the Lima bean plants 
grew luxuriantly and completely covered the ground. Row-spacing of only 
28 in. added to the density of cover. <A late-season irrigation in every row 
was made one month before harvest. This was immediately followed by 
two weeks of wet, foggy weather which maintained a high level of moisture 
under and around the plants. Gray mold became evident in the plant 
erowns shortly after the late irrigation. Approximately 95 per cent of the 
plants, and from 20 to 30 per cent of the pods, were affected. 

The intended purpose of the nonstandard practice was to Increase pro- 


duction. Ultimate vields were higher than average, but still a loss of ap- 
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proximately 20 per cent was incurred. Further spread of the disease was 
stopped by a period of warm, windy weather a week before harvest ; other- 
wise, it is estimated, a much greater loss might have been experienced owing 
to the abundance of inoculum present. If more growers are tempted to 
adopt these practices to increase production, they should be warned of the 
possible consequences of infection by the ubiquitous fungus Botrytis cimerca 
during wet weather. 
THE INITIATION OF INFECTION 

The role that blossoms and extraneous materials play in initiating infec- 
tions of gray mold was investigated more completely in the laboratory under 
controlled conditions. It was not clearly evident from field observations 
whether blossoms at all stages of maturity could be infected by means of 
spores without the presence of Botrytis-contaminated debris. 

Klotz «tf al. (4) report that they were able to secure field infection of 
lemon blossoms in several stages of maturity with the aid of moist chambers. 
They had noted previously that infected orange petals falling on the fruit 
initiated decay. Jauch (3), in Argentina, reports that sepals and petals of 
broad bean were infected with the chocolate-spot organism. Campbell (1), 
in western Washington, reports that the majority of infections of snap beans 
originated where the old blossoms had fallen on the plant or were retained 
at the tip of the pod. An experiment was therefore designed to establish 
whether blossoms became infected after they dropped or whether they could 
be infected while very young and on the plant, and what plant parts could 
be infected by spore inoculation in the absence of organic debris. 

ive kinds of beans were used: a commercial freezing Lima (Fordhook 
Concentrated), a large dry Lima (Ventura), a baby Lima (Henderson 
Bush), and two bush beans, Small White and Pink. The plants were grown 
in the greenhouse until all stages of flower maturity, including the produe- 
tion of small pods, were evident. At that time the plants were divided into 
four groups, each containing 12 plants of each of the five bean types. 
Plants of group 1 were sprayed with spores from a 2-week-old culture of 
Botrytis cinerea and placed in a closed chamber where high humidity was 
maintained by a continuous water spray. Plants of group 2 were first 
dusted with alfalfa meal and then inoculated and treated as in group 1. 
Mature bean blossoms were placed on the leaves of plants in group 3, and 
mature bean leaves were placed on young leaves of plants in group 4, before 
inoculation and treatment as in group 1. Appropriate noninoculated con- 
trol plants were established for each group. 

Evidence of infection with gray mold was first noted in the experimental 
plants 66 hr. after inoculation. The following plant parts were examined 
for infection: immature flowers, mature dropped flowers, immature leaves, 
immature pods, and stems and petioles. Results of one experiment are 
summarized in table 1. 

It was evident from this experiment that blossoms could become infected 
at all stages of maturity without the aid of extraneous organic materials. 
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However, immature leaves, immature pods, and stems and petioles were not 
infected by spore inoculation alone. The presence of alfalfa meal or other 
kinds of organic debris was essential for infection on all plant parts except 
flowers. ‘This demonstrates the facultative nature of parasitism exhibited 
by Botrytis cinerea and adds supporting evidence to the claims already 
made by many investigators, that the organism is a weak parasite. No sug- 
gestion of practical resistance to infection in any of the bean types was 
noted, although the baby Lima seemed to be more severely affected than the 
others. No infection of immature flowers of the Small White bean was noted 
in this experiment, although mature flowers were easily infected. Immature 
pods on both the Small White and Pink beans were exceedingly small at the 
time of inoculation and apparently escaped infection, but in a second ex- 
periment these parts became infected when adjacent to a flower or leaf 
already invaded. 

Botrytis infection of Lima bean plants is dependent on two factors: 
maturity of plant parts, and high humidity. With the exception of the 
flowers, immature and actively growing plant parts are not susceptible to 
infection by spores of the fungus. Only after bean-plant and other debris 
has accumulated on and under the plants is the fungus capable of invading 
these growing parts. The one plant part which is capable of being infected 
directly while in various stages of maturity is the flower, and once flowering 
has begun and Botrytis infection kas taken place, the spread of the infec- 
tion is rapid under highly humid conditions. The importance of high hu- 
midity in promoting this disease was demonstrated when the spread of field 
infection was checked by a period of dry, windy weather. Similarly, plants 
inoculated in a laboratory experiment and placed outside the humid atmos- 
phere remained free from infection. 

The dropping of infected flowers on leaves, stems, and pods, as well as 
spore infection of blossoms which have already dropped on other plant 
parts, serves to spread infection. The majority of infection sites noted on 
plants in the field in Ventura County were caused by blossoms that had be- 
come attached to other plant parts; this lends additional evidence to the 


importance of the flower in contributing to the spread of gray mold of beans. 


CONTROL 

Klotz cf al. (4) list 15 materials that are effective in preventing germina- 
tion of Botrytis spores; among these are copper and dithiocarbamate com- 
pounds. Ilowever, Campbell (1) was not suecessful in controlling gray 
mold of snap beans by the use of zine or ferric dimethyl dithiocarbamate 
as dusts. 

An attempt was made to check the spread of gray mold on Lima beans 
in the field in Ventura County by applying zine ethylene bisdithiocarbamate 
dust at the rate of 50 Ib. per acre from fixed-wing and helicopter airplanes, 
the density of foliage growth precluding the use of ground applicators. In- 
spection several days after treatment showed that there was no effective 
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prevention of additional infections. The dust was distributed only on the 
upper outside surface of the plants because heavy vine growth prevented 
adequate infiltration throughout the whole plant, especially into the crown 
region where nearly all the infection was concentrated. 

In order to use a dust effectively in controlling gray mold, the plants 
must be spaced in such a way as to allow the dust to reach all plant parts. 
Such spacing should permit good air circulation and thus preclude a highly 
humid atmosphere, one of the necessary factors for gray-mold development. 
Fields adjacent to that having the high gray-mold infection, and which con- 
tained the same variety of Lima bean (Fordhook Concentrated) but were 
cultivated according to standard procedure—namely, in rows 30 in. apart, 
with late alternate-row irrigation and a lower level of fertility and conse- 
quently less dense vine growth—showed only a trace of infection. 

Without condemnation of the high fertility practice, it is to be recom- 
mended that rows be spaced so as to permit adequate air circulation for the 
bean plants, and that late irrigation, if needed, be provided only in alternate 
rows. If these practices are followed, moisture will not accumulate on the 
plants and the disease can be kept in check easily. This cultural practice 


is thought to have many advantages over any attempt at fungicidal control. 


SUMMARY 


Gray mold caused by Botrytis cinerea Pers. is reported on Fordhook 
Concentrated Lima beans grown in the field in Ventura County, California. 

The importance of Botrytis-contaminated extraneous organic matter in 
initiating infection of leaves and pods, and of stems and petioles, was demon- 
strated in a laboratory experiment. 

The susceptibility of blossoms in various stages of maturity to infection 
by spores was likewise demonstrated in a laboratory experiment, and the 
importance of this in the spread of the disease in the field is discussed. 

The control recommended is a matter of proper cultural practice rather 
than use of fungicides. Satisfactory spacing of rows and prudent use of 
irrigation seem adequate for preventing severe outbreaks of the disease. 

DIVISION OF PLANT PATHOLOGY 

UNIVERSITY OF CALIFORNIA 
RIVERSIDE, CALIFORNIA 
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ABNORMAL CULTURES OF MELAMPSORA LINI’ 


H. H. Fror*® 
(Accepted for publication September 2, 1949) 


In a study on the inheritance of factors conditioning pathogenicity in 
a cross of race 6 with race 24 of flax rust, Melampsora lini (Pers.) Lév. (3), 
cultures lacking normal vigor were observed. These cultures differed from 
normal ones in requiring more time to sporulate, in producing fewer spores, 
in tending to remain subepidermal, and in developing teliospores tardily 
or failing to produce them. Abnormal cultures were infrequent in hybrids 
of race 22 with race 24 and race 6 with race 22 (4). Johnson and Newton 
(5) have designated uredial strains of Puccinia graminis tritici Erikss. and 
E. Henn. that show a decrease in vigor of sporulation as subepidermal. 
These authors found that a high proportion of cultures in certain inbred 
races possess this abnormality. They studied neither the pathogenicity nor 
the breeding behavior of such subepidermal cultures. The present paper 
includes a description of the abnormal cultures of flax rust and a report on 
their pathogenicity. 

NORMAL CULTURES 


When grown in the greenhouse during the winter months the naked 
pulvinate uredium of normal cultures of Melampsora lini usually ruptures 
the epidermis of leaves and stems of succulent, vigorously growing flax on 
the 9th or 10th day following inoculation. Isolated uredial infections are 
at first simple but later become compound. The primary pustule develops 
at the point of initial infection and one or two more or less concentri¢ rings 
of secondary pustules develop later (Fig. 1, A). The hymenium of a com- 
pound pustule is discontinuous, that of the primary pustule being separate 
from those of the secondary. Although the secondary pustules sometimes 
coalesce they tend to remain distinct. When the host tissue has been heavily 
inoculated, only primary uredia are formed (Fig. 1, B), but a continuous 
hymenium is not developed. Telial formation varies with the particular 
culture, the maturity of the host, and the environment. It is more rapid 
on older plant tissues, and on stems it usually begins 15 to 30 days after 
urediospore inoculation (Fig. 1, D). 


ABNORMAL CULTURES 


Abnormal uredial cultures vary greatly in debility. The most vigorous 
cultures developed small, simple uredia, with moderate sporulation, and 
partially ruptured the host epidermis about 15 days after inoculation, while 
less vigorous ones produced only small, subepidermal stromata with few or 

1 Cooperative investigations of the Division of Cereal Crops and Diseases, Bureau of 
Plant Industry, Soils, and Agricultural Engineering, U. 8. Department of Agriculture, 
and the North Dakota Agricultural Experiment Station. 

2 Pathologist, Division of Cereal Crops and Diseases, Bureau of Plant Industry, Soils, 
and Agricultural Engineering, U. S. Department of Agriculture. 
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no urediospores, in 8 weeks. No compound uredia were observed, although 
the hymenium of one culture (Fig. 1, C) extended as a continuous layer 
involving nearly an entire leaf, with resultant thickening and distortion. 
Most abnormal cultures formed no teliospores, although flax plants bearing 





Fic. 1. Flax infected with normal and abnormal cultures of rust, Melampsora lini. 
\. Compound uredial pustules developed from isolated infections with a normal eulture. 
B. Simple uredial pustules developed from numerous infections with a normal culture. 
C. Continuous hymenium developed from numerous infections with an abnormal culture. 
D. Telia on stems 30 days after inoculation with a normal uredial culture. E. Uredial 
infection on flax stem 90 days after inoculation with an abnormal culture. 


90-day-old infections have been ripened (Fig. 1, E). A few of the more 
vigorous abnormal cultures formed rudimentary teliospores. Although 
these teliospores did not germinate, this may lack significance since consider- 
able difficulty is often experienced in securing germination of normal telio- 
spores 

In one test 89 pyenia, apparently of monosporous origin, were secured 
following the inoculation with F, telia of the race 6 x race 24 hybrid. These 
were fertilized by transferring to each pustule pyeniospores from another 
pustule of similar origin. This assured that pyeniospores from one pycnium 
would effect fertilization in only one aecium. Of the 89 fertilized pyenia, 
15 developed normal aecia in 2 to 5 days, 29 produced belated aecia, and 10 
produced no aecia although kept under observation for 2 months. <A de- 
scriptive record of each maternal pyenium indicated no correlation between 
size of pyenium and the production of normal aecia. However, large 
pvenial infections tended to produce belated aecia more frequently than 
small ones. The more vigorous of the abnormal cultures were derived from 
the more vigorous belated aecia. These observations were confirmed in a 


second test in which the pyenia were not fertilized. 
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PATHOGENICITY TESTS 

Some of the abnormal cultures lacked the vigor to maintain themselves, 
but 20 produced sufficient spores for pathogenicity tests. The normal F, 
cultures of the hybrid race 6 x race 24 segregated for pathogenicity on three 
of the rust-differentiating varieties of flax, Buda, Akmolinsk, and Bombay 
(3). The Buda factors conditioning reaction to parental races are quanti- 
tative, and determinations for virulence of the abnormal cultures on this 
variety were not satisfactory. The normal F, cultures segregated for patho- 
genicity on Akmolinsk and Bombay in a ratio approximating 9 avirulent 
on both Akmolinsk and Bombay: 3 virulent on Akmolinsk and avirulent on 
Bombay: 3 avirulent on Akmolinsk and virulent on Bombay: 1 virulent on 
both Akmolinsk and Bombay. This is the expected ratio if single, inde- 
pendently inherited dominant genes condition avirulence on each differen- 
tial. 

The reaction of Akmolinsk and Bombay to the abnormal F, cultures is 


given in table 1. 


TABLE 1.—Segregation of abnormal F, cultures of the cross race 6x race 24 of 
Melampsora lini for pathogenicity on Akmolinsk and Bombay 


Reaction to 


; : Number of cultures having indicated reaction 
F, cultures of 


Akmolinsk Bombay Observed Caleulated 
R I 8 lla 5b 7c 
R S 0 4 5 0 
S I } 4 5 7 
S S 8 ] 5 7 


a@Assuming that avirulence is dominant as in normal cultures and a theoretical 
ratio of 9:3:3:1. y?=38.1, P is less than 0.01. 

» Assuming that the pyenia are self-fertile and a theoretical ratio of 1:1: 1:1 is 
obtained. y*=8.8, P lies between 0.02 and 0.05. 

¢ Assuming the pyenia to be self-fertile and cultures to which Akmolinsk is resistant 
and Bombay is susceptible fail to develop. a 1.6, P lies between 0.30 and 0.50. 


It should be pointed out that only the more vigorous abnormal cultures 
were tested and that the desirability of additional tests is recognized. Never- 
theless, the observed ratio of segregates differs significantly from the 
9:3:3:1 ratio approximated by the normal cultures (3). Seven of 96 nor- 
mal cultures were virulent on both Akmolinsk and Bombay, whereas these 
varieties were susceptible to 8 of 20 abnormal cultures. Assuming self- 
fertilization of the abnormal cultures, the fit of the observed ratio of segre- 
gates to the expected 1:1:1:1 gives a y* value of 8.8, P lying between 0.02 
and 0.05. If it is further postulated that the combination of avirulence on 
Akmolinsk and virulence on Bombay is lethal or of such debility as to have 
been excluded from the cultures tested, a y? value of 1.6 with P lying be- 
tween 0.30 and 0.50 is obtained. 
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DISCUSSION 


Most mutations reported for rusts have been of a detrimental type (5), 
either being less vigorous or possessing a lower level of pathogenicity, result- 
ing in a low survival value. Consequently, abnormal rust types are rarely 
observed in the field. The abnormal cultures described herein would have 
little chance for survival in nature because of paucity of spore production. 
Such cultures are of no economic importance and their study is of interest 
only in relation to the life history and the genetics of the pathogen. 

It has not been established whether abnormal cultures arise as result of 
fertilization of a pyenium with pyeniospores of opposite sex as do normal 
cultures, or spontaneously by self-fertilization. Urediospores of the abnor- 
mal cultures have been uniformly dikaryotic, so it is probable that some 
fusion process has occurred within the pycnium. Johnson and Newton (5) 
obtained a high proportion of subepidermal cultures in selfing certain 
hybrids of Puccinia graminis tritici, and suggested that this may have re- 
sulted from bringing together recessive mutant genes. Craigie (1), report- 
ing on the discovery of sex in the rust fungi, observed that about 60 per 
cent of the pustules of Puccinia helianthi Schw. not producing normal aecia 
10-11 days after the sowing of the sporidia never did so, and that about 
40 per cent produced aecia of normal form and color in about 3 weeks. 
Later data on plants grown under screen wire cages led Craigie (2) to 
doubt the ability of simple pyenia to produce aecia spontaneously. Patho- 
genicity data on the abnormal cultures of Melampsora lini suggest self- 
fertilization or apogamy. 

SUMMARY 

Abnormal uredial cultures were derived from abnormal aecia in a study 
on the inheritance of pathogenicity in a cross of race 6 with race 24 of 
Velampsora lini. Some cultures lacked sufficient vigor to maintain them- 
selves. The segregation for virulence on Akmolinsk and Bombay, two rust- 
differentiating varieties of flax, of 20 cultures producing sufficient spores 
for pathogenicity tests, suggests that an aecium may develop from a 
pyenium spontaneously or by self-fertilization. 
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LEAF SCORCH OF GLADIOLUS CAUSED BY ATMOSPHERIC 
FLUORIC EFFLUENTS 
FOLKE JOHNSON!, D. F. ALLMENDINGER?, 
V.b. Miatget, are ©. 4d. G@evaes? 


(Accepted for publication September 10, 1949) 


In a previous paper® the writers described a pathological condition in 
Italian prune trees characterized by marginal leaf scorch and caused by 
atmospheric fluorine compounds from alumina reduction factories. A litera- 
ture review indicated that damage to plants from atmospheric fluorie efflu- 
ents has been recognized for many years, and that the physical evidence of 
damage by fluorine varies with different plants. In western Washington 
the Italian prune was found to be very susceptible. Subsequent observa- 
tions and investigations here and elsewhere*° have shown that some varieties 
of gladiolus are also very sensitive. The present paper gives a description 
leaf scorch,’’ and other perti- 


ce 


of this type of injury, herein referred to as 
nent data. 
SYMPTOMS 


The symptomatic evidence of fluorine damage is a burned appearance 
of the leaves extending from the tips downward or along the margins and 
across the leaf lamina. The color is usually dark brown with scattered areas 
or patches of light tan. There is considerable variation between varieties, 
some having the tan, others the dark brown prevailing. The affected areas 
are irregular in size and shape and occur parallel with the veins. Veins 
as we!l as interveinal tissue become burned. Occasionally islands of normal 
green tissue are present in necrotic areas; however, in most cases the oppo- 
site is true. The outstanding characteristic is the light tan discoloration 
with a dark brown margin (Fig. 1, left). Petals and floral bracts may also 
become affected with marginal scorch. Symptoms in the drier, eastern 
Washington climate are similar to those in the western part of the State. 

After the first fall rains begin, it is not unusual to find fructifications 
of various species of common molds growing on the damaged tissue. Botry- 
tis blight of the leaves is present on certain varieties in this area, but usually 
does not appear until after the onset of early fall fogs and rains. This type 
of injury usually first appears as definite round or oblong leaf spots which 
may coalesce into larger areas. These infections lack the bleached appear- 

‘Associate Plant Pathologist, Assistant Chemist, and Associate Plant Pathologist, 
respectively, Western Washington Experiment Station, Puyallup, Washington. 

* Associate Horticulturist and Superintendent, Southwestern Washington Experiment 
Station, Vancouver, Washington. Published as Scientific Paper No. 853, Agricultural 
Experiment Stations, Institute of Agricultural Sciences, State College of Washington. 

* Miller, V. L., Folke Johnson, and D. F. Allmendinger. Fluorine analyses of 
Italian prune foliage affected by marginal scorch. Phytopath. 38: 30-37. 1948. 

‘LaFleur, Wallace. Studies on the effects of fluorine gas on gladiolus and tomato. 
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5 Laurie, Alex, R. F. Hasek, and Wallace LaFleur. The effect of various concentra- 
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ance of fluorine injury. It should be pointed out that physical appearance 
is not enough to distinguish fluorine injury to plants; the symptoms must 
be correlated with other facts, including an abnormally high fluorine content 


of the tissue 





Fig. 1. Left: symptoms of leaf scorch in gladiolus from plots near Washougal, 
Washington, July, 1948. Center: very slight die-back in leaves grown in an area remote 
from atmospheric fluoride contamination, Mt. Vernon, Washington, October, 1948, 


Right: leaf scorch produced by fumigation for 23 days in a sealed chamber with a 


calculated concentration of 0.5 p.p.m. hydrogen fluoride. 
FUMIGATION EXPERIMENTS 


Although leaf scorch had been observed on gladiolus only in geographic 
areas influenced by fluoric effluents, further proof of its cause would be ob- 
tained if similar symptoms could be reproduced by fumigation with small 
amounts of hydrogen fluoride under controlled conditions. 

A closed room measuring 74 x 93 x 126 in., with a white-painted interior, 
was used as a fumigation chamber. The inside walls, floor, and ceiling were 
coated with a layer of paraffin approximately | in. thick. Lllumination was 
provided, for approximately 12 hr. each day, by three 200-watt light bulbs 
with reflectors suspended over the plants. A thermostatically controlled 
heater with a fan for air circulation was regulated to operate between 70° 
and 76° F., but the temperature usually became higher in the daytime dur- 
ing the spring and summer months. To simulate dew formation as it occurs 
at night in western Washington fields, increased humidity was provided 
each day by evaporating approximately 100 ml. of water from a container 
on an electric hot plate. The heaters and lights were turned off between 6 
and 7 o’clock each evening; thus the temperature within the room dropped 
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and the atmosphere became saturated. <A daily record of the temperature 
and relative humidity was kept with a hydrothermograph for each fumiga- 
tion period. The hydrogen fluoride solution, the strength of which had 
previously been determined by titration with standard alkali in a paraffin- 
lined beaker, was evaporated slowly each day from a lead dish placed on 
the hot plate. The hydrogen fluoride solution was stored in a paraffin bot- 
tle and a graduated paraffin cylinder was used as a measure. Hydrogen 
fluoride vapors from the lead dish on the hot plate were mixed with the air 
in the chamber by the heater fan, which was so arranged that it forced the 
fumes against the wall of the chamber and not directly against the plants. 
Moisture settled out and it was necessary to wipe dry all surfaces in the 
room each day. The length of a fumigation trial varied between 11 and 30 
days on a 7-day-week basis. Blank trials were also run wherein no hydro- 
gen fluoride was added in the chamber. 

Gladiolus, usually from No. 3 corms, were grown in a greenhouse in 
sandy-loam soil in 6-in. clay pots, three to five plants per pot. Plants 8-10 
in. tall were considered ready for fumigation. 

At the end of a trial, leaf-tips approximately 4 in. long were analyzed 
for fluorine without preliminary drying, by the method recommended by 
the Association of Official Agricultural Chemists.°® 

Injured leaves from plants growing in the fields in the vicinity of alu- 
mina reduction works were also collected and analyzed. To determine the 
normal fluorine content of gladiolus, leaf samples were collected from plants 
in the field from areas not influenced by fluorie effluents and where no such 
injury occurred, and from plants grown in the greenhouse but not subjected 
to fumigation. 


Experimental Results 


The results of the fumigation trials are given in table 1. Fumigated 
plants had definite symptoms of necrosis at the tips and margins of the 
leaves, and the fluorine content of the foliage was markedly above that of 
similar plants held in the chamber when no hydrogen fluoride was added. 
These latter plants had no characteristic leaf scorch, as did the fumigated 
plants. The symptoms of injury produced by fumigation under controlled 
conditions were similar in appearance to those observed in the field (Fig. 1, 
right). There appeared to be no carry-over of fluorine in the room from 
one fumigation trial to the next, as evidenced by the low fluorine values in 
the gladiolus leaves in the blank trials when no HF was added. These 
values compare closely with those from unfumigated plants grown in the 
vreenhouse. 

FIELD EXPERIMENTS 

In 1947, two small varietal plantings of gladiolus were maintained; one 

near the alumina reduction factory in Tacoma which was not in operation 


° Official and tentative methods of analysis of the Association of Official Agricultural 
Chemists. H. A. Lepper, Chairman, Editorial Board. Association of Official Agricul- 
tural Chemists, Washington, D. C. 
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during the growing season, and the other near Mount Vernon, more than 
90 miles north. Seventy-five corms of each of the following varieties were 
planted: Beacon, Commander Koehl, Corona, Ethel Cave Cole, Minuet, 
Peggy Lou, Pieardy, Snow Princess, and Tip Top. No characteristic symp- 
toms of leaf scorch were present in any of the varieties at either location. 
A composite sample collected at the end of the growing season from the 
Tacoma plot analyzed 4 p.p.m. fluorine, compared with 5 p.p.m. from plants 
near Mount Vernon. In contrast to these values, fluorine values ranging 
from 39 to 119 p.p.m. were obtained from five field samples collected from 
areas influenced by fluoric effluents and where leaf injury was recorded as 
moderate to severe. 

Observations of commercial gladiolus fields located near operating 
alumina reduction centers indicated a difference in varietal susceptibility 
to the toxic effects of fluorine. An extensive experimental planting of vari- 


‘ty ABLE l. Fumiaat on Oo} gladiolus is a sealed chambe r with diffe rent concentra 


tions of hydrogen fluorides 


Trial —— 7 Calculated P.p.m. 
No. femakuatie HF eone. Observations and remarks F in 
vi (p.p-m. dry matter 
l 16 None No leaf scoreh present 2 
9 23 0.5 Leaf scorch present 24 
} 14 0.1 Leaf scorch present 35 
f 21 None No leaf scorch present s 
5 30 0.05 Slight leaf scorch present 22 
f 25 0.1 Scorch more acute than in previous 
trial 
7 29 None No leaf seorech present 5 
8 1] 1.0 Considerable scorch on tips and leaf 
margins 95 
9 0 None Unfumigated greenhouse control 8 
[In the first four trials the varieties were Token, Carillon, Peggy Lou, Snow Princess, 


a 


and Pieardy; in trials 5 to 8 inclusive, only the latter two varieties were fumigated. 


eties was established in 1948 near Washougal on the Washington side of the 
Columbia river directly across from the alumina reduction factory at Trout- 
dale, Oregon. Thirty corms of each variety, mostly No. 4 size, were planted 
6 in. apart in rows spaced 6 ft. apart. In addition to this more extensive 
planting, the two smaller trials were maintained as in the previous year in 
Tacoma and Mount Vernon; the Tacoma factory was operating in 1948. 

As indicated in earlier observations, there was a distinct difference in 
the amount of foliage injury between varieties. At Washougal and Tacoma 
there was considerable such injury, although a few varieties were very re- 
sistant and had only slight leaf-tip necrosis. In contrast, all varieties in the 
Mount Vernon plots were free of leaf scorch and had only very slight tip 
dieback when harvested (Fig. 1, center). 

In order to obtain a measure of the injury between the different varieties 
at Washougal, the injured and healthy tissue was measured separately on 


a 
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all leaves from each of ten plants at one end of each row.’ The total length, 
in inches, of injured tissue, multiplied by 100, divided by the total length 
of the leaves, gave the injury index (Table 2). The number of plants 
measured in the Tacoma plots varied somewhat and an index was taken 


TABLE 2.—Reaction of gladiolus varieties to atmospheric fluoric effluents 


P.p.m. F 


Variety Injury in dry Variety No. of Injury 
; indexa etd ; plants index@ 
matte) 

Experimental plot, Washougal Private garden, Washougal 
Algonquin 7 611 Atlas 6 17 
Badger Beauty 16 Black Opal 2 60 
sagdad 23 Blessed Damsel 6 27 
sarcarole 19 Blue Beauty 6 20 
Beacon 34 246 Burma 6 16 
Carillon 20 Crimson Tide ] 20 
Chamouny 42 Crinkle Queen 2 18 
Chief Multnomah 38 139 Donna 7 18 
Commander Koehl 5 419 Early Gold 6 16 
Corona 9 Elizabeth Queen 6 26 
Debonair 22 First Lady 5 9 
Diane 15 325 Glamis 3 28 
Ethel Cave Cole 32 180 Green Gold 3 5 
Greta Garbo 21 Green Light 2 50 
Harvest Moon 13 385 Igloo 2 44 
Hindenherg’s Memory 12 June Day 2 19 
Ivory Keys 25 Kenwood 2 24 
Jeanie 25 Leading Lady 6 24 
Kassell 15 Los Angeles 6 17 
King Lear 13 Lipstick 6 25 
Maid of Orleans 30 Mahaska 5 22 
Margaret Beaton 19 Midway 6 22 
Margaret Fulton 25 Mt. Index 6 14 
Myrna 22 Mystery 2 36 
Pelegrina 11 395 Neogo 3 14 
Pieardy 23 Ohio Nonpareil 6 14 
Polar Ice 12 Oregon Gold 6 51 
R. Faller 20 Oregon Rose 6 37 
Red Lory 23 Perfume 1 14 
Rosa Van Lima 9 407 Sea Shell 1 22 
Shirley Temple 54 138 September White 2 6 
Snow Princess 21 Silver Side 1 18 
Surfside 24 422 Silver Star 2 29 
Tip Top 16 Southport 5 36 

Spotlicht 2 16 
Sun Spot 2 14 

Experimental plot, Tacoma Verdenberg 6 13 
Picardy 39 ) 243 Yellow Emperor 6 22 
Snow Princess 36 { (combined) 


4 Measurements for injury index at Washougal made September 29 and 3 


Tacoma, October 7. 


, and at 


from only two varieties. At Mount Vernon the injury index could be re- 
garded as 0 since there was less than } in. dieback at the leaf tips, an amount 


normally found in all parts of western Washington during the late summer 


and fall. The varieties Algonquin, Commander Koehl, Corona, and Rosa 


* Method suggested by O. C. Compten, Assistant Horticulturist, Oregon State Col- 


lege, Corvallis, Oregon. 
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Van Lima appeared to be the most resistant, with an injury index of less 
than 10; while Beacon, Chamouny, Chief Multnomah, Ethel Cave Cole, 
Maid of Orleans, and Shirley Temple were most susceptible to injury, with 
an index of 30 or above. At the Tacoma plots the injury was much more 
pronounced and the figures were higher. This can be explained by the faet 
that the Tacoma plots were closer to the factory in question than were the 
plantings at Washougal. Also, the factory at Troutdale, Oregon, was closed 
part of the growing season because of the flooded condition of the Columbia 


river 

At Washougal, the injury index was taken on an additional 33 varieties 
erown in the private garden where the experimental plots were located 
Table 2). Although measurements could be made on only one to seven 
plants of each variety, these data are presented to help complete the picture 
of varietal susceptibility to leaf scorch. In this trial, First Lady, Green 
Gold, and September White had an injury index of 10 or less; that for 


Black Opal. Green Lieht, and Oregon Gold was 50 to 60. 


SURVEY OBSERVATIONS 
The leaf scorch described in eladiolus has been observed wherever atmos- 


pherie fluorie effluents are a factor. In western Washington these areas are 


TABLE 3 Fluorine content of gladiolus leaves collected from several areas in 


Wasi qton, Oregon, and Florida where fluoric effluents are a factor 
Sample Disease No. of samples Factory F in 
location severity analyzed operating p-p-m.» 
Troutd Ore. 
l to 7, W and Es Slight to 
severe 6 (1947) 15 to 115 
2, NE Slight to 
severe 11 (1948 t 138 to 611 
Tacoma Wash 
1, SE Healthy 14 (1947 4 
Do Severe 14(1948 2943 
90, N Healthy 14 (1947 5 
Do Healthy 14( 1948 3 
Spol f W sn. 
] 1 (.NEtoS Healthy to 
severe $ (1947 t 9 to 71 
15 to a Severe 3 (1948 } 211 to 259 
20, SW Healthy 1 (1947) { 6 
mpa (F] 
1, N Severe 1 (1948 52 
10, S Medium 1 (1948 : 27 
S Healthy 1 (1948) 6 


: Distance, in miles, and direction from nearest alumina reduction factory. 
In 1947 the samples were dried before analysis; in 1948 the samples were not 


dried } ous to analysis All results are expressed on a dry matter basis. 
Sample obtained from J. S. Wieman, Oregon State Department of Agriculture, 
Portland, Oregon. 


Composite sample of seven to nine varieties. 
Source of fluorine compounds is a phosphatic fertilizer factory; samples obtained 


W. C. Nanney, Bradenton, Florida. 
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Washougal, Vancouver, Longview, and Tacoma; and in the eastern part of 
the State, near Spokane. It is significant that when the factory was operat- 
ing in each of these communities the appearance of the injury to gladiolus 
was striking, and in some cases severe. In the northwestern part of the 
State near Mount Vernon, 90 miles or more from the nearest alumina reduc- 
tion factory, and in other areas free from atmospheric fluoride, gladiolus 
leaves remained green and free of burn throughout the growing season. 
Chemical analyses also showed that the fluorine content of scorched foliage 
was much higher than that of unscorched leaves collected from fluorine-free 
locations (Table 3). 

In general, the data show that in the vicinity of Troutdale, Oregon, 
analyses were high for both 1947 and 1948. Injury to the plants was slight 
to severe, depending upon the varietal resistance and sampling location. 
The fluorine value from the Tacoma plots was about normal in 1947 when 
the factory was closed; but in 1948, when the factory was operating, the 
fluorine content from the same varieties grown in the same location as in 
1947 showed an increase from 4 to 243 p.p.m. 

The picture is much the same in eastern Washington near the alumina 
reduction works located near Spokane, and in Florida® close to a phosphatic 
fertilizer factory which also releases fluoric effluents into the atmosphere. 


DISCUSSION 


Leat scorch of gladiolus described in this report was present only near 
industries which evolve hydrogen fluoride compounds in their manufactur- 
ing processes, 

It should be pointed out that considerable growth occurs before any 
symptoms of leaf scorch are observed. The probable explanation is that the 
fluorine content of the air is so low that a prolonged absorption period is 
necessary before injury becomes noticeable. Gladiolus began to show leat 
injury in 6 days when fumigated with a calculated 0.05 p.p.m. fluorine in 
the chamber atmosphere. 

One striking point brought out is the difference in amount of injury 
among varieties. Commander Koehl, Algonquin, Corona, Rosa Van Lima, 
First Lady, Green Gold, and September White had very slight leaf burn; 
while Shirley Temple, Chief Multnomah, Black Opal, Green Light, Ethel 
Cave Cole, and Oregon Gold were severely affected. Also, the resistant 
varieties contained more fluorine than the susceptible ones (Table 2). One 
possible explanation for this is that in susceptible plants the tissues are 
readily killed; while in resistant varieties the leaves continue to function 
and absorb fluorine over a considerable period of time. 

In the Tacoma area there was no injury to the plants when the factory 
was closed during the growing season of 1947, but the same varieties grown 


‘Observations were made by one of the co-authors (V.L.M.), accompanied by O. C. 
Compton and P. H. Weswig of Oregon State College and J. D. Patterson of the Oregon 
State Department of Agriculture, Salem, Oregon. 
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in the same location in 1948, when the factory was in operation, were 
severely scorched. In contrast to this, all eladiolus varieties grown near 
Mount Vernon, an area free from air pollution with hydrogen fluoride, re- 
mained free of leaf scorch throughout both growing seasons of 1947 and 
1948. 

In western Washington the disease with which leaf scorch might most 
easily be confused is Botrytis blight. That this pathogen was not important 
in obtaining the injury index is evidenced by the fact that only three cul- 
tures of Botrytis were obtained from 92 isolations made from scorched tissue. 
These two diseases can be separated by symptom appearance, cultural tech- 
nique, and tissue ana!ysis for fluorine. General differences between the two 


diseases are noted below: 


Botrytis blight Leaf scorch 

Occurs following heavy fogs or early fall Occurs independently of precipitation; 
rains, or in pockets with poor air often worse on exposed areas with good 
drainage. air drainage. 

Severe leaf-tip dieback, usually accom- Injury confined to leaf tips and margins, 
panied by many infections from ;5- to usually not occurring as small spots. 

in diameter, prest nt on base of 

leaves and not confined to margins. 

Exeept for initial infections the color is Color of injury bright with tan and dark 
usually dull and margins of leaf spots brown, definite margins. 
rather indefinite. 

Normal fluorine content. Fluorine content abnormally high. 

Botrytis may be isolated and cultured. No Botrytis present in recently scorched 

tissue. 

Oceurs each year under favorable weather Occurs only in areas influenced by atmos- 
conditions and not nec ssarily near 1n pheric fluorie effluents. 
dustrial areas. 


SUMMARY 


A hitherto undescribed disease, herein referred to as leaf scorch of gladi- 
olus, has been observed only in areas where the atmosphere was polluted 
with fluorine compounds. The plant symptoms in the field were reproduced 
by fumigation with hydrogen fluoride in a sealed room. Of 72 varieties 
studied for their reactions to fluoric effluents and amount of foliage injury 
or injury index, 7 were resistant (index less than 10), 13 were very suscepti- 
ble (index 30 to 60), and the remainder fell between these two extremes. In 
veneral, the resistant varieties contained more fluorine in the foliage than 
the susceptible ones. The fluorine content of scorched plants from polluted 
areas was higher than from unscorched plants grown in areas remote from 
atmospheric fluoric effluents. 
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THE INACTIVATION OF PLANT VIRUSES BY SUBSTANCES 
OBTAINED FROM BACTERIA AND FUNGI? 


NEDRA M. UTECH AND JAMES JOHNSON 
(Accepted for publication September 19, 1949) 


Some plant viruses show a marked reduction of infective capacity fol- 
lowing certain chemical treatments. The effects of these treatments can be 
divided roughly into two groups: 1) those resulting in the destruction of 
the virus, and 2) those resulting in a loss of virus infectivity which may be 
reversible in character. The substances obtained from bacteria and fungi 
as growth products or extracts belong to the second group. Thus the term 
‘‘inactivator’’ as used in this paper refers to a substance which reduces the 
infectivity of a virus but does not necessarily destroy it (4). 

In 1926, Mulvania (9, 10) in this laboratory showed that pure cultures 
of Bacillus proteus and Bacterium aerogenes almost completely inactivated 
tobacco mosaic virus when these cultures were grown in bouillon to which 
virus filtrate had been added. This work was followed later by the investi- 
gations of Johnson (3) and Johnson and Hoggan (5), testing more than 45 
species of bacteria and fungi using both pure cultures or organisms and 
cell-free growth products of certain species. Goldin (2) reported the inae- 
tivation of tobacco mosaic virus by cultures of certain yeasts. Fulton (1) 
compared the effects of a growth product from Aspergillus on five plant 
viruses and was able to show some differential action. Takahashi (11, 12) 
isolated and purified a tobacco mosaic¢ virus inactivator from brewer’s yeast. 
A large variety of substances other than those produced by microorganisms 
are known to inactivate viruses (6, 7, 8). 

The present investigations were undertaken especially to determine the 
range of bacteria and fungi involved, the conditions which yield the maxi- 
mum production of inactivators, and the comparative effects of specific in- 
activators on different plant viruses. Some consideration was also given to 
the nature and properties of the inactivating substances. 


MATERIALS AND METHODS 


A considerable variety of bacteria and fungi*® were tested for their abil- 
ity to produce inactivators of the ordinary tobacco mosaie virus and other 
plant viruses. These included both saprophytie and plant pathogenic or- 
ganisms. Among the fungi tested were representatives of the Phycomyeetes, 
Ascomycetes, Basidiomycetes, and Fungi Imperfecti. 

The filamentous fungi and the bacteria were grown in 250-ml. Erlen- 
mever flasks coutaining 50 ml. of nutrient broth® or nutrient dextrose broth.* 


‘Aided by a grant from the Wisconsin Alumni Research Foundation. 
2Dr. M. P. Backus, Dr. Curt Leben, and others at the University of Wisconsin sup- 
plied many authentic cultures for these investigations. 
* Beef extract, 3 gm.; peptone, 10 gm.; water, 1000 ml. 
3 gm.; peptone, 10 gm.; dextrose, 10 gm.; water, 1000 ml. 


> 


‘Beef extract, 
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In later experiments 0.1 per cent agar was added to these media. Inoculum 
for the flasks consisted of sterile water suspensions of spores, mycelial frag- 
ments, or cells obtained from fresh agar slants. Cultures were normally 
grown for varying lengths of time at temperatures ranging from 24° to 
29° C. Temperature variations during the growth of any single group of 
cultures were less than 2° C. The length of the period of growth prior to 
testing on the virus depended on the rate and type of growth involved, and 
ranged from 2 days to more than a month. In the large majority of cases, 
the pH of the medium at the time the flasks were inoculated was 7.0. In 
some cases, however, it varied between pH 5.4 and 5.8. At the time the 
tests were made, all solutions were adjusted to pH 7.0. 

Many of the Basidiomycetes used were obtained as herbarium specimens 
which had been stored in a dry condition for about 15 years. These dry, 
fleshy fungi were prepared by grinding weighed samples in a mortar and 
adding water to produce the desired concentration of extract. The mois- 
tened sample was thoroughly mixed and allowed to stand for periods of 10 
min. to Lhr. The extract was then separated through cheesecloth and tested 
for its inactivating power. 

Fresh specimens of the fleshy fungi were also collected for similar tests. 
These were prepared by grinding the fresh or frozen specimens and _ press- 
ing the juice off through cheesecloth. In cases where the pulp was dry or 
the juice very viscous, a small amount of water was added to the ground 
sample before the juice was expressed, 

The percentage concentration of the inactivator refers to the final pro- 
portion of these liquid preparations (7.e., culture broth, water extract, or 
pressed juices) in the inoculum. The usual concentrations of the inactiva- 
tors were 50, 10, 4, and 0.5 per cent by volume. 

Ordinary tobacco mosaie virus (tobacco virus 1) was used in most of 
the tests reported here. Some products were also tested for their effect on 
tobacco ring spot, tobacco-streak, cucumber mosaic, potato ring spot, and 
eabbage mosaic viruses. 

Several liters of crude expressed juice of the tobaeco virus extract were 
stored in the refrigerator at 0° to 4° C. and used as the standard stock sus- 
pension. When first used, this juice preparation gave a few local lesions 
at a dilution of 1 in 100,000,000 when tested on the hybrid of Nicotiana 
tabacum and N. glutinosa. There was no apparent drop in the potency of 
this preparation over a 2-year period. The stock suspension was diluted 
1 in 10,000 for use in the experiments, and normally vielded sufficiently 
isolated lesions for counting 

For the other viruses, appropriate methods of culture, extraction, dilu- 
tion, and inoculation to the proper local lesion hosts were used. In the ease 
of tobacco streak virus, for example, disks ~; in. in diameter were cut with 
a cork borer from inoculated tobacco leaves. Five such disks were thor- 


oughly ground in 1.2 ml. of the inactivator to be tested and inoculated im- 


mediately to half-leaves of guar (Cyamopsis tetragonalobus (1.) Taub.). 
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The approximate dilution of the tobacco streak virus was 1 in 25. This 
method was used because of the extreme lability of the virus in juice prep- 
arations. 

With the exception of tobacco streak, the viruses and the inactivators 
were prepared separately at twice the desired concentration and were mixed 
in equal portions just prior to inoculation to the assay plant. Dilutions 
of the inactivators and the control viruses were made with N/15 K.HPO,- 
KH.PO, buffer at pH 7.0. In some instances broth media were used for 
dilution with similar results. 

Assay plants, selected for uniformity, were prepared for use by remov- 
ing terminal buds and extra leaves 1 to 3 days before inoculation. At the 
time of inoculation the leaves were dusted lightly with 600-mesh carborun- 
dum powder. 

All tests were made using the half-leaf method with Latin square or ran- 
domized block designs. The half-leaf to which the control virus suspension 
was inoculated was alternated between replicates. In some of the early 
experiments, however, the left half-leaf was used for the control in all 
replicates. 

The virus-inactivator mixtures and the controls were applied with folded 
gauze pads dipped once in the inoculum and wiped lightly in a uniform man- 
ner over each half-leaf. Where tobacco or the hybrid was the assay plant, 
two dilutions of the inactivator to be tested were applied according to the 
randomized plan to four half-leaves on each of two plants. Where cowpea 
or guar was the assay plant, four plants with two leaves each were used in 
a single experiment with two dilutions of the inactivator. For each sub- 
stance tested a minimum of three separate tests was made, using a total of 
at least 6 hybrid or tobacco plants or 12 cowpea or guar plants. 

The local lesions which developed after 3 to 10 days, depending on the 
virus used, were counted on removed leaves with the help of a mechanical 
counter and transmitted light. The data are represented in terms of per 
cent inactivation as derived from the following formula: 

(No. of lesions untreated virus — No. of lesions treated virus) x 100 
No. of lesions untreated virus 
EXPERIMENTAL RESULTS 


Since many of the substances tested were obtained as products of bae- 
teria and fungi growing in broth cultures, many variations in cultural pro- 
cedures were first made to determine the effect of environmental conditions 
on the production of inactivators. The results of certain of these prelimi- 
nary experiments are presented first. 

Influences of composition of the nutrient medium. A beef extract pep- 
tone broth was selected as the basic medium because it would support the 
growth of a wide variety of bacteria and fungi and was readily prepared 
in quantity. It was likely, however, that many of the organisms to be tested 
might grow better with an additional carbon source. For this reason, 1 per 





950 PHYTOPATHOLOGY 'Vou. 40 


cent dextrose was added to the basic medium in some of the experiments. 
Representative results of the effects of these two media on the production of 
inactivating substances by three organisms are shown in table 1. The addi- 
tion of dextrose to the medium resulted in heavier growth of the organisms 
in nearly every case. This improved growth, however, did not always in- 
erease the production of inactivators. Twenty-eight, or about one-half, of 
the organisms tested showed an increase in the production of inactivators 
with the addition of dextrose. Cultures of Gibberella saubinetii, Rhodo- 
torula sp., and Penicillium spiculosporum Lehman were sufficiently stimu- 
lated by the addition of dextrose to be raised from a moderately effective 
rating to one of good inactivating capacity. A few bacterial cultures showed 
a decrease of inactivating capacity on the addition of dextrose. The most 


TABLE 1 The comparative inactivation of tobacco mosaic virus by growth prod- 
s of certain bacteria and fungi growing in nutrient broth, and in nutrient broth sup- 


st 
uct 


pleme nted with 1 per ce nt dextrose 


. Concen- Total number 
Period m tration of lesions — 
Medium = Final : of ; on 4 half-leaves vation 
growth pH inacti- (per cont 
(days vator een 


(per cent) Treated Control 


Pseudomonas solanacearum 


Nutrient broth 4 8.1 50 1 1498 99.9 

Nutrient dextrose broth 7 6.8 50 327 954 65.7 
Gibberella saubinet 

Nutrient broth 16 8.9 50 248 512 52.5 

Nutrient dextrose broth 16 8.6 50 4 404 99.0 
Serratia arcescéns 

Nutrient broth 15 8.5 50 34 91.0 

Nutrient dextrose broth 15 8.7 50 43 521 91.7 


marked decreases were shown by Pseudomonas solanacearum Erw. Smith 
and Proteus vulgaris Hauser, while some depressing effect was noted with 
Bacterium stewartii Erw. Smith and Erwinia carotovora (Jones) Hall. In 
somewhat less than half the cases, for example with Pseudomonas acrugi- 
nosa (Schroeter) Mig. and Serratia marcescens Bizio, no effect on the pro- 
duction of inaetivators was noted when dextrose was added to the medium. 
The addition of dextrose lowered the final pH of the culture broth in the 
ease of 30 of the organisms tested. Twenty-six showed little or no change in 
final pH with the added sugar. 

In later experiments, 0.1 per cent agar was added to the basic medium 
or to the basic medium supplemented with dextrose. Agar-supplemented 
cultures, particularly those of the filamentous fungi, grew more vigorously. 
[It was assumed that this better growth was due to the small amount of 
mechanical support afforded by the agar. 

For purposes of subsequent isolation or purification of the inactivators 


it would seem advantageous to grow the organisms in a synthetic medium. 


A few preliminary experiments were consequently made using a modified 
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Czapek medium.® The four organisms (of six tested) which grew in this 
medium responded very differently in the production of inactivators. Col- 
letotrichum pist Pat. and Aerobacter aerogenes (Kruse) Beij. produced in- 
activators although the amounts were somewhat less in this medium than 
in nutrient broth. Rhizopus nigricans Ehrb. and Colletotrichum circinans 
(Berk.) Vogl. grew satisfactorily in the synthetic medium but failed to 
produce inactivators although both organisms produced moderate amounts 
in nutrient broth cultures. Because of these failures to obtain good growth 
or good yield of inactivators on synthetic media, this line of effort was dis- 
continued. 


TABLE 2.—-Illustrating the comparative inactivation of tobacco mosaic virus by 
growth products of certain bacteria and fungi grown at different temperatures 














F Concen- Total number 
Tempera- oe Amount sratten of lesions on Tnacti- 
ture el of a. 4 half-leaves vation 
(°C.) finys) growth pn te (per cent) 
' (per cent) Treated Control 
Aerobacter aerogenes 
Unitsa 
12 4 1.2 3.1 708 778 9.0 
20 4 10.0 3.1 548 875 37.4 
28 4 15.9 3.1 136 615 77.9 
36 4 20.0 3.1 153 485 69.4 
Rhizopus nigricans 
Gramsb 
12 8 0.17 25.0 225 227 0.9 
20 8 0.76 25.0 173 195 11.2 
28 8 0.38 25.0 14 79 82.3 
36 8 25.0 56 273 79.5 
Sclerotinia fructicola 
Grams» 
12 16 0.10 50.0 142 261 45.5 
20 16 0.16 50.0 54 158 65.8 
28 16 0.12 50.0 141 616 76.2 


_ *Relative growth determined by comparison with a graded series of BaSO, suspen- 
s810ns. 

b Relative growth determined by weighing moist mycelial mats. 

Influence of temperature. The effects of four temperatures (12°, 20°, 
28°, and 36° C.) on the production of inactivators by five organisms, Ihizo- 
pus nigricans, Sclerotinia fructicola (Wint.) Rehm, Colletotrichum circi- 
nans, Aerobacter aerogenes, and Bacterium stewartui growing in nutrient 
broth were studied. Representative results are shown in table 2. It was 
found that temperatures most favorable for the total growth of the indi- 
vidual organisms were also most favorable for the production of inacti- 
vators. In general, when approximately maximum growth was obtained 
at two different temperatures, the production of inactivators was greater 
at the lower temperature. B. stewartti, however, showed a consistently 


> NaNO,, 2.0.gm.; KCl, 0.5 gm.; MgSO,, 0.5 gm.; FeSO,, 0.02 gm.; CaCO,, 3.0 gm. 
(excess) ; sucrose, 37.5 gm.; water, 1000 ml. 








959 PHYTOPATHOLOGY [Von. 40 


higher production of inactivators at 28° C., whereas growth was somewhat 
better at 20° C. 

Relation of period of growth. A comparison was made of the relation 
of the length of time the organisms were allowed to grow on the production 
of inactivators. Cultures of Rhizopus nigricans, Sclerotinia fructicola, Col- 
letotrichum circinans, Aerobacter aerogenes, and Bacterium stewartii were 
tested for their ability to inactivate tobacco mosaie virus after 2, 4, 8, 16, 
32, and 64 days of growth in nutrient broth. Representative results with 


three of these organisms are given in table 3. 
TABLE 3.—Representative data showing the comparative inactivation of tobacco 


most tic 2 s by growth products of certain bacteria and fungi after different periods of 
a uth at the te mperatu es ind cated 


Total number of lesions 





Perio - Amount pe pcninipeh lanka on 4 half-leaves Inactivation 
or tl : of inactivator 
Pare. of growth Fine iene ean (per cent) 
“ee —— Treated Control 
lerol aerogenes at 28° ( 
Units 
5.0 3] 329 382 13.9 
i 15.9 3.1 136 615 77.9 
8 12.6 3.1 152 666 i Pe 
10.0 3.1 21 163 87.1 
1B l 10 204 95.2 
64 10.0 3.1 3 273 98.9 
Colle hum circinans at 20° ¢ 
Grams 
8 009 50.0 393 53 26.5 
16 0.60 50.0 63 985 77.9 
0.78 50.0 87 258 66.2 
64 0.65 50.0 70 107 R98 
Pi] ( ns at h { 
Grams 
0.36 25.0 69 111 61.2 
8 25.0 56 273 79.5 
0.32 25.0 25 396 93.7 
64 0.42 25.0 6 108 88.3 
‘Relative growth determined by comparison with a standard series of BaSO, sus- 


Relative growth determined by weighing moist mycelial mats. 


With the five species listed above, maximum inactivation was obtained 
some time after growth had reached a maximum. The production of inacti- 
vators by Sclerotinia fructicola dropped after 64 days although average 
erowth was somewhat greater at 64 days than after 32 days. When the five 
species studied were grown for a sufficient length of time (32 to 64 days) at 
suboptimal temperatures, the production of inactivators finally approached 
the same level obtained in a shorter time at more favorable temperatures. 

In the cases of the majority of organisms considered in the general sur- 
vey, there was either a gradual increase in the amount of inactivator pro- 
duced as the growth period was lengthened, or the concentration of the 


inactivator reached a maximum which was maintained through the longer 
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growth periods. Cultures of Pseudomonas aeruginosa and Proteus vulgaris, 
however, showed a fairly rapid loss of activity if they were maintained after 
maximum growth had been reached. For example, a 10 per cent concentra- 
tion of Ps. aeruginosa growth product from a 2-day-old culture yielded 95.0 
per cent inactivation of tobacco mosaic virus. The same concentration of 
inactivator from a 16-day-old culture produced only 74.5 per cent inactiva- 
tion. The final pH in each ease was 8.4 and 8.5 respectively and conse- 
quently not significant. The P. vulgaris growth product yielded 95.1 per 
cent inactivation at a 10 per cent concentration of inactivator from a 6-day- 
old culture. The same concentration of inactivator from a 14-day-old cul- 
ture yielded only 54.7 per cent inactivation of tobacco mosaic virus. 

Effect of aeration. Continuous aeration of cultures of Aerobacter aero- 
genes, Bacterium stewartii, Rhizopus nigricans, and Colletotrichum pisi by 
the mechanical rocker described by Johnson and Hoggan (5) stimulated 
both the growth of the organisms and the production of inactivators in pre- 
liminary trials. 

The most striking results from continuous aeration were obtained with 
48-hr. cultures of Bacterium stewartii. At a 25 per cent concentration of 
inactivator, the aerated culture gave 98.6 per cent inactivation of tobacco 
mosaic virus, whereas the nonaerated culture gave only 55.8 per cent. Four- 
and 9-day-old cultures of Colletotrichum pisi and Rhizopus sp. showed gains 
in inactivating power of 1 to 20 per cent in the aerated tubes as compared to 
the nonaerated ones. The production of inactivators by Aerobacter aero- 
genes was least affected by the aerating process. After 48 hr., when the 
first tests were made, growth was excellent in both aerated and nonaerated 
tubes and little difference was noted in the production of inactivators. 

The above results show that production of tobacco mosaic virus inacti- 
vators may be markedly influenced by conditions which affect the growth 
of the organisms concerned. The determination and maintainance of opti- 
mum conditions for each of the organisms used in this study was not pos- 
sible; consequently a standard procedure was adopted for testing the rela- 
tive production of inactivators by various bacteria and fungi. This con- 
sisted of growing nutrient broth cultures of the filamentous fungi and bac- 
teria in an incubator in which the temperature varied between 24° and 
29° C. over the year. Temperature variations during the growth of any 


‘ 


single set of cultures were no more than 2° C. The medium consisted, as 
previously described, of a beef extract-peptone broth supplemented in some 
instances with 1 per cent dextrose and 0.1 per cent agar. The period of 
time the cultures were allowed to grow varied from a few days to more than 
a month. 
Comparison of Tobacco Mosaic Virus Inactivators 
Produced by Different Organisms 


Growth products, expressed juice, or water extracts obtained from 94 
species of bacteria and fungi were tested for their ability to inactivate 








254 PHYTOPATHOLOGY [Von. 40 


tobacco mosaic virus. Representative data for four organisms are shown 
in table 4, illustrating the type of results in the separate trials and used 
as a basis for the average values presented for all the organisms tested. The 
variation in number of lesions obtained with the same virus dilution on the 
control half-leaves in different experiments is considerable in some instances, 
These differences are primarily due to differences in the assay plants result- 


TABLE 4.—Representative data from individual experiments showing inactivation 
of tobacco mosaic virus by substances obtained from bacteria and fungi 


Number of lesions on 4 half-leaves of hybrid 











Experi Concentration of inactivator Concentration of inactivator 
ment 0.5 per cent 4.0 per eent 
number -- — —_—__-_—_——— 
- ‘ Inactivation . Inactivation 
Treated Control Treated Control 


(per eent) 


(per cent) 


Boletinus pictus, expressed juice 








I 52 986 94.7 2 1111 99.8 
IT 3 417 99.3 0 406 100.0 
IIT 4 507 99.2 0 382 100.0 
lV 6 436 98.6 3 530 99.4 
V 5 492 99.0 1 482 99.8 
Average 14 568 98.2 1 582 99.8 
Bacterium stewartii, growth product 
I 38 146 74.0 3 103 97.1 
TI 75 542 67.7 24 435 94.5 
IIT 170 391 56.5 14 312 95.5 
IV 3 300 99.0 
Average 128 360 66.1 11 288 96.5 
Concentration of inactivator Concentration of inactivator 
10.0 per cent 50.0 per cent 
Rhizopus nigricans, growth product 
I 185 590 68.6 32 530 94.0 
IT 648 987 34.4 201 1073 81.3 
III 67 370 81.9 8 568 98.6 
Average 300 649 61.6 80 727 91.3 
Actinomyces sp., growth product 
I 757 807 1.3 687 999 31.2 
II 785 765 — 2.6a 535 780 31. 
IT] 750 845 1L.2 724 1085 33. 
IV 296 238 — 24.2a 107 147 27.2 
Average 647 664 — 2.34 513 753 30.8 


2 Stimulation? 


ing from nutritional, climatic, or other factors which cannot be uniformly 
controlled under greenhouse conditions over the period of a year. 

A partial list of the organisms tested for the production of inactivators 
showing the range of activity obtained is given in table 5. The species are 
erouped according to taxonomic classes. In each elass, they are placed in 
descending order of effectiveness at the highest dilution tested. Other or- 
canisms tested are listed below in classes according to the amount of inacti- 


vation produced with a 10 per cent concentration of inactivator. 











- 
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Inactivation 0 to 25 per cent: Actinomyces sp. (No. 98 and No. 99) ,° Ba- 
cillus cereus var. mycoides (Flugge) Breed et al., Xanthomonas campestris 
(Pammel) Dowson, X. beticola (Smith et al.) Breed et al., X. translucens 


TABLE 5.—Average percentage inactivation of tobacco mosaic virus by sub- 
stances obtained from bacteria and fungi 





Concentration of inactivator 
and inactivation 








Source of inactivator in per cent 
50.0 10.0 4.0 0.5 
SCHIZOMYCETES: 
Bacterium stewartii . 100.0 96.5 66.1 
Aerobacter aerogenes 100.0 97.5 57.6 
Pseudomonas solanacearum 99.8 98.1 
Pseudomonas aeruginosa 99.2 95.0 89.1 
Proteus vulgaris 90.4 65.4 
Bacillus subtilis Cohn emend. Prazmowski 61.6 29.7 
Corynebacterium fascians (Tilford) Dowson 54.0 ce 
Agrobacterium radiobacter (Beij. and van Del- 
den) Conn 40.5 a 
PHYCOMYCETES:# 
Sporodinia grandis Lk. 99.2 92.2 
Rhizopus delemar (Boidin) Wehm. and Hanzawa 98.1 85.3 
Mucor racemosus Fres. 92.8 65.8 
Thamnidium elegans Link 83.7 48.5 
Mortierella candelabrum van Tiegh. 65.8 11.2 
ASCOMYCETES: 
Morchella sp. 4 99.6 98.8 76.9 
Rhodotorula sp. 99.8 97.9 81.6 31.6 
Penicillium spiculosporum . 99.8 90.4 72.2 
Gibberella saubinetii (Mont.) Sacee. 99.0 94.9 66.2 
Glomerella cingulata (Stoneman) Schrenk. and 
Spauld. 65.9 13.7 
BASIDIOMYCETESe 
Boletinus pictus Pk.4 100.0 99.9 99.8 98.2 
Amanita phalloides4 99.8 99.5 96.1 
Tricholoma personatum Fr. —_ 106:8 100.0 98.5 81.2 
Armillaria mellea (Vahl.) Fr. 100.0 100 0 98.1 67.4 
Lactarius de liciosus ( I. ) Fr. 99.8 99.6 95.8 49.6 
Agaricus campestris L.¢. 4 98.8 94.9 40.6 
Gymnosporangium juniperi-virginianae Schw., teli- 
ospores 97.3 82.7 50.3 — 7.0b 
FUNGI IMPERFECTIa 
Colletotrichum graminicolum (Ces.) G. W. Wils. 89.2 74.8 
Phoma terrestris Hansen 80.4 49.4 
Fusarium oxysporum f. conglutinans (Wr.) Sny- 
der and Hansen 82.2 26.9 


«Tested as a growth product from broth culture. 
b Stimulation ? 


¢ Tested as water extracts of dried herbarium specimens. 

4 Tested as expressed juice of fresh specimens. 
(Jones et al.) Dowson, Agrobacterium rhizogenes (Riker et al.) Conn, A. 
tumefaciens (Smith and Townsend) Conn, Fusarium sp. 

Inactivation 26 to 50 per cent: Micrococcus pyogenes var. aureus (Rosen- 
bach) Zopf, Bacillus brevis Mig. emend. Ford, Pseudomonas tabaci (Wolf 


* All species except the Basidiomycetes tested as growth products from broth cultures. 
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and Foster) Stevens, Cunninghamella sp., Circinella spinosa van Tiegh. 
and Le Monn. (No. 111 and No. 125), Sclerotinia fructicola, Colletotrichum 
cireinans, is pist. 

Inactivation 51 to 75 per cent; Rhizopus nigricans (No. 1 and No. 104), 
R. pygmaeus Naumoy, Penicillium sp., Colletotrichum phomoides (Sace.) 
‘Chester, Helminthosporium turcicum Passer. 

Inactivation 76 to 100 per cent; Pseudomonas syringae van Hall, NSer- 
ratia marcescens, Erwinia carotovora, Pythium debaryanum Hesse, Actino- 
mucor repens Schostak., Mucor hiemalis Wehm., M. mucedo Linn., Tricho- 
cladium asperum Harz, Rhizopus spp. (plus and minus strains), Absidia 
sp., Saccharomyces sp., Pisolithus sp.,’ Polyporus sp.,°5 Coprinus micaceus*™ * 
(Bull.) Fr., C. comatus Fr., C. atramentarius™ * (Bull.) Fr., Favolus sp., 
Clitocybe illudens (Schw.) Saee., Lycoperdon sp.,”* L. ecruciatum Rostk., 
L. piriforme Schaeff., L. Wrightii Bk. and Curt., Entyloma sp., Lactarius 
sp., Collybia sp., Boletus spp. (No. 370 and No. 374),5 Lepiota naucina 

Fr.) Quel., Lepiota sp., Merulius sp., Pleurotus ulmarius (Bull.) Quel., 
P. ostreatus (Jaeq.) Fr. Tricholoma flavobrunneum Fr.,” * Amanita mus- 
caria (Linn.) Pers.*® 

Expressed juice or water extracts of the fleshy fungi were relatively the 
best inactivators. The Basidiomycetes, on the whole, produced very good to 
excellent inactivation and were one of the most uniform of the five classes 
in this respect. Expressed juice of Boletinus pictus, Amanita phalloides, 
and Pleurotus ostreatus gave better than 90 per cent inactivation of tobacco 
mosaic virus at a concentration of 0.5 per cent. 

Vorchella, the only fleshy Ascomycete tested, was comparable to the 
better Basidiomycetes in the production of inactivators and yielded 98.8 per 
cent inactivation at a 4.0 per cent concentration of inactivator. Cultures 
of Rhodotorula sp., Penicillium spiculosporum, and Gibberella saubinetu 
produced considerable inactivator when grown in nutrient dextrose broth. 
Aside from these, the growth products of the filamentous Ascomycetes and 
the Fungi Imperfecti were moderate to poor inactivators yielding less than 
75 per cent inactivation of tobacco mosaic virus at a 10 per cent concentra- 
tion of inactivator. 

As a group, the growth products of the Phyecomycetes were somewhat 
better inactivators than those of the Fungi Imperfeeti. It was more diffi- 
cult, however, to grow the Phycomyecetes in liquid culture. Stock cultures 
were sometimes contaminated with bacteria and pure cultures were reiso- 
lated with difficulty. 

The Schizomycetes were the most variable group in respect to the pro- 
duction of inactivators. Growth products of Bacterium stewartii and Aero- 
bacter aerogenes were very good inactivators, those of Pseudomonas aerugi- 
nosa and Ps. solanacearum were fair, while the growth products of 


All species of Basidiomycetes tested as water extracts of dried herbarium specimens 


unless otherwise indicated. 


Tested as expressed juice of fresh specimens. 
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Agrobacterium radiobacter and Actinomyces sp. were among the poorest 
inactivators tested. 

The results with 94 species may not be sufficient to permit conclusions 
as to taxonomic order of inactivator production. However, the results are 
based on the inoculation of more than 800 hybrid tobacco plants and 678,000 
counted local lesions. Standard deviations calculated in random eases 
(Table 6) show the range of variability between experiments with different 

TABLE 6.—Standard deviations calculated for representative data from tests of 


organisms producing tobacco mosaic virus inactivators 








Nice ett teaniieibins No. of Concentration Average Standard 
, . , trials of inactivator inactivation deviation 
Per cent Per cent 

Boletinus pictus 5 4.0 99.8 0.2 
Do 5 0.5 98.2 1.9 
Aerobacter aerogenes 5 4.0 97.5 2.0 
Coprinus micaceus 9 40 96.1 3.2 
Rhizopus nigricans 3 500 91.0 4.5 
Penicillium spiculosporum 5 100 90.4 8.3 
Aerobacter aerogenes 5 05 66.1 9.9 
Colletotrichum pisi 4 500 82.2 10.8 
C. micaceus 6 0.5 72.0 13.7 
Xanthomonas translucens 5 500 71.6 15.9 
P. spiculosporum 3 4.0 72.2 17.5 
R. nigricans 3 10.0 58.4 19.6 
X. translucens 5 100 15.2 26.5 
C. pisi 3 10.0 37.2 33.3 


samples of the source material. The variation between experiments was 
very low where the inactivation was high, and was much higher where inac- 
tivating power was low or where a strong inactivator was diluted consider- 
ably. It is believed that much reliance may be placed on the results if these 
factors are taken into account. 


Inactivation of Other Plant Viruses 


Previous work by Fulton (1), Kuntz and Walker (8), and others had 
shown that different plant viruses varied in their response to inactivators 
from the same source. It seemed desirable, therefore, to test some of the 
inactivators obtained from bacteria and fungi in the present investigation 
against other plant viruses. 

For these experiments, growth products of .a Rhodotorula sp. and Pseu- 
domonas aeruginosa and expressed juice of Coprinus micaceus were used. 
Two preparat'ons of the latter juice were tested. In one, the juice was ex- 
pressed from the mature mushrooms and stored under toluol in a refrigera- 
tor at 4° C. for the duration of the experiments. For the second prepara- 
tion, an aliquot of the expressed juice was evaporated by direct heat to 
one-tenth the original volume. This material was stored in the refrigerator 
as a concentrate. A sample of the concentrate was diluted to the original 
volume prior to use in the experiments. The four preparations listed above 
were then tested comparatively for their ability to inactivate tobacco mosaie, 
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tobacco ring spot, tobacco streak, potato ring spot, cucumber mosaic, and 
cabbage mosaic viruses. The results are in table 7. 

Expressed juice (untreated) of Coprinus micaceus and the growth prod- 
uct of Pseudomonas aeruginosa both gave a relatively uniform and very 
eood inactivation of all six viruses at the concentrations tested. Coprinus 
juice, which had been concentrated by boiling and diluted to the original 
volume before testing, showed a very different reaction from that obtained 
with the untreated juice. Although tobacco mosaic virus was equally sus- 
ceptible to both preparations, the other five viruses showed a marked re- 
sistance to, or were even stimulated by, the heat-treated material. It ap- 
peared, therefore, that the constituent (or constituents) which was effective 


TABLE 7.—Comparative percentage inactivation, as shown by local lesion responses 
on appropriate hosts, of six plant viruses by certain inactivators obtained from bacteria 
and fur gi. Concentration of inactivator was 10 per ce nt in each case 


Virus and concentration used—inactivation, in per cent 





Pe a TMa TRSb TS: PRS¢ CMe Cab.Ms 
1: 10,000 1:50 1:25 1: 2,000 1: 100 1: 20 
Coprinus micaceus, expressed juice 
stored under toluol at 4° C. 99.2 100.0 99.6 85.0 90.0 80.0 
Copr nus micaceus, expressed juice 
evaporated to 1/10 volume, then 
diluted to original concentration 98.7 32.78 58.1 —2.2 28.2 331.9 
Rhodotorula sp., growth product 99.1 38.1 65.2 96.2 46.2 96.4 
Pseudomonas aeruginosa, growth 
product 94.2 97.9 95.2 97.1 79.8 96.9 


iceco mosaic virus tested on Nicotiana tabacum x N. glutinosa hybrid at a 1: 10, 
000 d tion of stock virus. 


Tobaeco ring-spot virus tested on cowpea, Vigna sinensis, at a 1:50 dilution of 
infectiv: lice. 
¢ Tobaeeo streak virus from leaf disks tested on guar, Cyamopsis tetragonalobus, at 
an approximate dilution of 1: 25. 


Potato ring-spot virus tested on N. tabacum var. Conn. Havana 38 at a 1: 2000 


dilution of infective juice 


e Cucumber mosaic virus tested on cowpea at a 1: 100 dilution of infeetive juice. 
a ge mosaic virus tested on Havana 38 at a 1: 20 dilution of infective juice. 
€ Minus values indicate stimulation. 


in reducing the infectivity of tobacco ring spot, tobaceo streak, potato ring 
spot, cucumber mosaic, and cabbage mosaic viruses was heat-labile. 

Tobacco ring spot, tobacco streak, and cucumber mosaic viruses were 
inactivated by the Rhodotorula growth product to a lesser degree than were 
the tobacco mosaic, potato ring spot, and cabbage mosaic viruses. This dif- 
ferential effect was most apparent at the higher dilutions (10 per cent) of 
the inactivator. 

Whether these differences in inactivating power may be of some value 


in the sé paration ot v iruses from mixtures is yet to be determined. 
Observations on the Nature of the Inactivators 


It would be of interest to obtain one or more of the virus inactivators in 


purified form, to permit more exact studies of its properties and nature. 
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Partially purified preparations obtained by chemical treatments of the origi- 
nal source materials were tested only against tobacco mosaic virus. In some 
instances where it was necessary to leave fractions of the precipitating re- 
agents used in the inactivators to be tested, equal amounts of these chemicals 
were added to the control virus suspensions. 

Precipitation. It was found that four volumes of absolute aleohol® pre- 
cipitated the active constituents from the culture of several organisms. 
With cultures of Rhizopus nigricans, Sclerotinia fructicola, and Colletotri- 
chum circinans this method yielded satisfactory results. Extensive tests 
with cultures of Aerobacter aerogenes and Bacterium stewartu, and with 
expressed juice of Coprinus micaceus, also showed that all the active mate- 


TABLE 8.—Percentage inactivation of tobacco mosaic virus by certain inactivators 
before and after precipitation with 4 volumes absolute alcohol showing total recovery 
of inactivator from the precipitate 


Concentration 
Trial of inactivator Unprecipitated 
(per cent) 


Aleohol 
precipitates 


Bacterium stewartii, growth product 


I 4.0 99.8 99.2 
0.5 84.8 83.6 

II 40 91.7 93.6 
0.5 43.1 59.2 

III 4.0 96.1 95.7 
0.5 39.9 48.8 

Coprinus micaceus, expressed juice 

4.0 99.5 99.4 

0.5 90.7 92.5 

IT 4.0 99.1 99.7 
0.5 92.4 89.4 

IIT 10.0 99.8 99.9 
4.0 99.6 99.6 


«Precipitate diluted to original volume with distilled water or buffer prior to testing 
at above concentrations. 


rial could be precipitated by this means. Comparative results before and 
after precipitation are presented in table 8. One or two volumes of alcohol 
resulted in only a partial precipitation of the active constituents. The active 
portion of the precipitate from 4 volumes of absolute aleohol was completely 
soluble in distilled water or in a dilute buffer (N/15 KH.PO,-K.HPO, buffer 
at pH 7.0). 

The active material could be precipitated, also, with 4 volumes of acetone. 
Although less soluble than the alcohol precipitate, the acetone precipitate 
was completely active when suspended in water or buffer. 

In a few cases, other precipitants have been tried in a preliminary way 
with varied results. The inactivator from Bacterium stewartti cultures was 
apparently associated with the precipitate when the medium was saturated 
with (NH,).SO,. In one experiment, B. stewartii growth product yielded 


*Kausche (6) used 4 volumes absolute alcohol to precipitate a tobacco mosaic virus 
inactivator from an extract of germinating tobacco seed. 
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99.2 per cent inactivation of tobacco mosaic virus at a 4 per cent concen- 
tration of inactivator. After treatment with saturated (NH,).S0O,, the 
precipitate gave 83.9 per cent inactivation and the supernatant showed no 
activity when tested at comparable concentrations. One per cent lead ace- 
tate precipitated a fraction of the active material leaving the remainder in 
the supernatant. In one test the starting material gave 89.6 per cent inacti- 
vation at a concentration of 4.0 per cent. After treatment with 1 per cent 
lead acetate the supernatant gave 65.4 per cent inactivation and the resus- 
pended precipitate yielded 45.7 per cent. Hence, no loss of total activity 
was apparent. One per cent AgNO, precipitated all the active material, but 
the precipitate was less effective than the original growth product. 

Other studies were made of the precipitation of the active constituent 
from Bacterium stewartii growth product by adjusting the pH. It was first 
found that all activity could be precipitated from the solution when the pH 
was adjusted between 4.0 and 5.0 with approximately 1N HCl. Later it was 
found that the use of N/20 HCl resulted in precipitation with little loss of 
activity at pH 4.5. For example, such a precipitate yielded 91.7 and 23.2 


TABLE 9.—Representative results on percentage inactivation of tobacco mosaic 


virus by certain inactivators before and after a 10-min. treatment at 100° C. 
Concentration 
Inactivator from of inactivator Untreated Heat-treated 
(per cent 
Aerobacter aerogenes 4.0 97.2 99.7 
0.5 78.6 87.1 
Bacterium stewartii 1.0 99,2 99,] 
0.5 90.3 86.7 
Coprinus micaceus 10 9°] 92.5 
0.5 40.9 48.1 


per cent inactivation at 4.0 and 0.5 per cent concentrations, respectively. 
The starting material gave 96.1 and 39.9 per cent inactivation at the same 
concentrations. No precipitation in the range of pH 3.2 to 4.8 could be 
obtained with 10 per cent glacial acetic acid. Hydrochloric acid precipitates 
were active on suspension in distilled water but were not soluble. They 
appeared to be completely soluble in dilute buffer. Again using B. stewartu 
erowth product, the pH was adjusted to 9.0 with approximately IN NaOH 
with no resulting loss in activity. At pH 10.5, although no precipitation 
occurred, activity dropped from 98.5 to 94.3 per cent and from 75.8 to 48.9 
per cent at 4.0 and 0.5 per cent concentrations, respectively. 

Heat stability. Growth products of Aerobacter aerogenes and Bacte- 
rium stewartii and expressed juice of Coprinus micaceus show *d no loss of 
inactivators following one or two 10-minute treatments in a boiling water 
bath (Table 9). Such heat treatments proved useful as a means of rapidly 


stopping bacterial growth and were hence beneficial in preserving the inac- 
tivators for future use. Heat treatments were followed by a slight gain in 
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activity which was probably due to lysis of the cells with the further release 
of inactivators. 

Although the growth product from Bacterium stewartii cultures could 
be successfully concentrated, by evaporation in a stream of rapidly flowing 
air at room temperature, to } volume without loss of activity (Table 10), at- 
tempts to concentrate B. stewartii and Aerobacter aerogenes growth prod- 
ucts by prolonged heating in a water bath at 100° C. resulted in a marked 
loss of inactivating capacity. 

Pressed juice of Coprinus micaceus, however, showed a remarkable heat 
stability and could be concentrated to small volume by evaporation over 
a direct flame. Allowing the heated material to dry completely resulted in 
a definite loss of activity. High concentration of C. micaceus juice (e.9., 

TABLE 10.—Percentage inactivation of tobacco mosaic virus by certain inacti- 


vators before and after concentration by evaporation, showing complete recovery of the 
inactivating capacity from the concentrate 





Concentration 
Source of inactivator of inactivator Unconcentrated Concentrated 
(per cent) 
Bacterium stewartii, growth prod- 
uct evaporated at room tempera- 








ture 
I (2x) 4.0 98.0 98.6 
0.5 76.9 78.1 
II (4x) 4.0 28 0 98.3 
0.5 76.9 73.2 
III (8x) 4.0 98.0 98.1 
0.5 76.9 71.8 


Coprinus micaceus, expressed juice 
evaporated by heating 


Average of 3 trials (10x) 4.0 87.1 89.3 
0.5 49.2 51.8 


4 Concentrated materials diluted to original volume prior to testing at given con- 
centrations. 

b2x, 4x, ete., refer to the degree of concentration. Thus 2x designates that the 
original material was evaporated to 1/2 volume. 


10x) produced a syrupy, brown, somewhat caramelized material which was 
not always entirely soluble in water. When diluted to the original volume, 
this material was just as active against tobacco mosaic virus as was the 
unheated juice (Table 10). 

The limited number of tests carried on with complete drying of inacti- 
vator preparations has resulted in rather anomalous results. Treatments, 
such as alcohol precipitation, heat treatment, or filtration to remove the 
fungus mat or the bacterial cells, rendered the inactivator less resistant to 
drying than it was in the original untreated culture. Cultures of Aero- 
bacter aerogenes and Rhizopus nigricans, dried down completely at 36° C. 
during the long growth periods of the temperature experiments, still main- 
tained nearly all their activity when the dried material was taken up in 
water and tested. The dried residue of broth cultures of A. aerogenes pre- 
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ae 


pared in this laboratory in 1938 (3) were still very active when tested in 
1948. Yet, if A. aerogenes growth product were filtered through asbestos 
(no loss of activity by filtration) and then allowed to dry at room tempera- 
ture or at a slightly raised temperature, about half the inactivating power 
was lost. Pressed juice of Coprinus micaceus, although remarkably resist- 
ant to boiling, also showed this loss of activity when allowed to dry com- 
pletely. 

Virus reactivation. Some preliminary attempts have been made to re- 
activate tobacco mosaic virus inactivated by substances obtained from Aero- 
bacter aerogenes, Bacterium stewartii, and Coprinus micaceus. The meth- 
ods used included treatments with differential absorbents, such as tale and 
kaolin, and simple dilution of virus-inactivator mixtures. Some reactivation 
resulted in every case. Complete reactivation was not attempted. 


DISCUSSION 


The survey of bacteria and fungi for their ability to produce tobacco 
mosaic virus inactivators showed a wide variety of species capable of pro- 
ducing these substances. The products of all the species tested gave some 
inactivation when used at a 50 per cent concentration of the inactivator. 
Large variations in the inactivating power of different species became ap- 
parent only after tests were made at several concentrations. It should be 
emphasized, however, that the tests presented here are only relative com- 
parisons, since the actual amounts of active substances present in the various 
preparations are not known. The present investigations confirmed the work 
of Johnson and Hoggan (5), who reported that Aerobacter aerogenes growth 
product was a very good inactivator, while the growth products of Bacte- 
rium radiobacter and Phytomonas tumefaciens were relatively poor inacti- 
vators. The filamentous fungi tested by Johnson and Hoggan were found 
to be uniformly good inactivators of tobacco mosaic virus under the condi- 
tions of their experiments. Present experiments show that when the growth 
products of the filamentous fungi were tested at lower concentrations, they 
were only fair inactivators compared to such materials as A. aerogenes or 
Erwinia carotovora growth products, or to the expressed juices of the fleshy 
fungi. 

The widespread occurrence of these virus inactivating substances among 
the bacteria and fungi having been shown, the important question arises as 
to their chemical nature and their relationship to each other, if any. In 
many instances, where the organisms were grown in culture, the inactiva- 
tors accumulated in a manner suggestive of so-called ‘‘staling products’’ or 
toxins. Whether the virus inactivators were actually inhibitive to the 
gcrowth of the organisms themselves was not apparent from the present ex- 
periments. With Pseudomonas aeruginosa and Proteus vulgaris growth 
products, the active portions, with the exception of unstable compounds 


which decomposed in the medium in a relatively short time, were utilized in 
the further metabolism of the bacteria. 
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It was apparent from the work with heat-treated and untreated Coprinus 
micaceus juice that the constituents affecting the different plant viruses were 
not the same. Hence our results support the evidence of Fulton (1) and 
Kuntz and Walker (8) that more than one inactivator may be concerned in 
the inactivation of the different plant viruses. There is some evidence also 
to support the belief that the activity of the inactivators used against an 
individual virus, e.g. tobacco mosaic, is not limited necessarily to a single 
chemical constituent. 

One of the most interesting results encountered in these investigations 
was the high activity of water extracts of dried herbarium specimens of the 
fleshy fungi. These specimens had been stored in boxes on a laboratory 
shelf for about 15 years and seemed to be extremely unpromising source 
materials. The discovery of their high activity led to the investigations with 
fresh fleshy fungi, which also showed excellent inactivating power. In these 
instances, at least, the inactivators have considerable stability to drying. 

Certain similarities seem to exist between the action of the inactivators 
studied here on the virus entity and the action of antibiotics on microor- 
ganisms. It is interesting to note, however, that the species which are usu- 
ally active in the production of antibiotics, e.g. Penicillium and Actino- 
myces spp., produce only small to moderate amounts of virus inactivators. 
Krueger and his co-workers (7) were not able to inactivate influenza A virus 
with preparations of penicillin, tyrothricin, tyrocidin, gramicidin, or sub- 
tilin. The junior author has found penicillin to have little or no inactivat- 
ing effect on tobacco mosaie virus (unpublished results). 

Future investigations should emphasize isolation and purification of 
some of the inactivators. For this purpose, some of the better producers of 
inactivators among the bacteria, such as Aerobacter aerogenes, Bacterium 
stewartii, and Erwinia carotovora, might prove most useful since cultures 
are easy to obtain and they may be readily grown in large quantities. Cer- 
tain fleshy fungi even as dried material also offer interesting possibilities. 

The present investigations show that some of the inactivators may be 
readily precipitated or may be concentrated by evaporation. There is some 
evidence that cultures of Aerobacter aerogenes, dried in toto, maintained 
approximately original activity over a period of 10 years. Altogether our 
results indicate several possible starting points for future studies on virus 
inactivators obtained from bacteria and fungi. 


SUMMARY 


Substances obtained as growth products, expressed juice, or water ex- 
tracts from 94 species of bacteria and fungi were tested for their ability to 
inactivate tobacco mosaic virus as measured by the local lesion response on 
the hybrid of Nicotiana tabacum and N. glutinosa. 

The results showed a widespread occurrence of inactivators among the 
organisms tested. The Basidiomycetes, on the whole, were the most uniform 
of the five groups studied and all species used inactivated tobacco mosaic 
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virus to a marked degree. Boletinus pictus, Amanita phalloides, and Pleu- 
rotus ostreatus yielded better than 90 per cent inactivation of this virus at 
a 0.5 per cent concentration of inactivator. 

Morchella, the only fleshy Ascomycete used, was comparable to the most 
active Basidiomycetes and produced 99 per cent inactivation at a 4 per cent 
concentration of inactivator. Rhodotorula sp. and Penicillium spiculospo- 
rum growth products were good tobacco mosaic virus inactivators, whereas 
only moderate results were obtained from the growth products of other 
filamentous Ascomycetes and Fungi Imperfecti. 

Most of the Phycomycetes tested yielded over 90 per cent inactivation of 
tobacco mosaie virus at a 50 per cent concentration of inactivator. The ae- 
tivity decreased rapidly on dilution, however, so that as a group they were 
considered only moderately effective. 

Cultural conditions such as the composition of the nutrient medium, tem- 
perature, period of growth, etc., affected the production of inactivators. In 
general, temperatures most favorable for the growth of the individual or- 
ganisms were most favorable for the production of inactivators. With most 
cultures the inactivator concentration reached a maximum sometime after 
rapid growth had ceased and was maintained at a high level for a consid- 
erable period of time. 

Growth produets of Pseudomonas aeruginosa, Rhodotorula sp., and two 
preparations of Coprinus micaceus juice were tested comparatively for the 
ability to inactivate tobacco mosaic, tobacco ring spot, tobacco streak, potato 
ring spot, cucumber mosaic, and cabbage mosaic viruses. Untreated juice 
of C. micaceus and the growth product of Ps. aeruginosa gave a relatively 
uniform and good inactivation of all six viruses at the concentrations tested. 
Coprinus juice, which had been concentrated to 4 volume by evaporation at 
100° C. and diluted to original concentration prior to testing, reduced the 
activity of tobacco mosaic virus to the same degree as the untreated juice. 
The other five viruses, however, showed a marked resistance to, or were 
even stimulated by, the heat-treated material. 

Chemical separation and partial purification of some of the better inae- 
tivators was attempted. Alcohol precipitates were soluble and completely 
active when taken up in distilled water or dilute salt solutions. The inacti- 
vator from Bacterium stewartii growth product was precipitated without 
loss of activity by N/20 HCl at pH 4.5. 

Although stable to short heat treatments at 100° C., the growth products 
of Bacterium stewartii and Aerobacter aerogenes lost inactivating power 
when such treatments were prolonged. Coprinus micaceus inactivator was 
stable to prolonged heating at 1€0° C. 


tivity when evaporated to dryness. 


All three inactivators lost some ac- 


Since some of these inactivators are readily obtained in relatively large 
quantities and are readily maintained, they offer interesting possibilities for 


further studies concerning the nature of inactivation, application for sepa- 
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ration of virus mixtures, and possible use in the control of plant and animal 
virus diseases. 
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WHITE-FLY-TRANSMITTED MOSAIC OF EUPHORBIA 
PRUNIFOLIA 


A. 8. CostTa Ann C.. W. BENNETT! 
(Accepted for publication September 24, 1949) 


INTRODUCTION 


A conspicuous type of mottling occurs during all seasons of the year on 
a common weed, ‘‘amendoim bravo’’ (Euphorbia prunifolia Jaeq.), in the 
State of Sao Paulo, Brazil. In summer, the season of greatest incidence of 
the disease, natural stands of EL. prunifolia sometimes have as many as 50 
per cent of the plants affected. The disease has been observed throughout 
the State of Sao Paulo, but whether it occurs in other parts of Brazil and 
in other countries is not known. 

The disease is of little economic importance on Euphorbia prunifolia 
but it was thought that it might be spreading to locally cultivated euphor- 
biaceous plants such as castor bean (Ricinus communis L.) or cassava 
(Manihot utilissima Pohl), on which two virus diseases have already been 
described in Brazil (4 

In the course of preliminary transmission studies it was found that the 
disease is spread by a white fly (Bemisia tabaci Genn.). Since little ap- 
peared to be known about the relation of viruses to insects of the group to 
which B. tabaci belongs, and since the insect proved to be a rather efficient 
agent of transmission, plans were expanded to include a study of some of 
the relations of the virus of Euphorbia mosaic to its vector. The literature 
dealing with the viruses transmitted by white flies has been reviewed re- 
rently by Orlando and Silberschmidt (9) 


DESCRIPTION OF SYMPTOMS 


Plants of Euphorbia prunifolia attacked by this disease exhibit a very 
striking leaf mottling characterized by light green, bright yellow, golden, 
or whitish areas on a green background (Fig. 1, A, b, ¢, d). Reddish spots 
have been noted also, mostly on leaves of old affected plants in the field. 

Leaves of some plants show yellowing mainly along the larger veins and 
extending outward to some extent into the adjacent tissue (Fig. 1, B). In 
other leaves the chlorotic spots are separated from the green areas by the 
veins. Large areas sometimes become yellow or pale and the leaves show 
only a few green spots. Sometimes leaves show a certain amount of rugos- 
ity but this is not a common characteristic of the disease. No appreciable 


reduction in size of the plant or of any of its parts has been noted. Dis- 


Respectively, Pathologist, Instituto Agrondmico, Campinas, Brazil; and Principal 
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The writers are indebted to Miss Louise M. Russell, Division of Insect Identifica- 


tion, Bureau of Entomology and Plant Quarantine, Agricultural Research Administra- 
tion, U. S. Department of Agriculture, for identification of the species of white fly used 
in these studies. 
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eased plants blossom and set fruit normally. No case of recovery has been 
observed, although leaves produced as the plant matures show less striking 
symptoms than those produced when the plant is younger and crowing 
vigorously. 

On young plants usually the first symptoms appear 6 to 12 days after 





Fic. 1. Luphorbia prunifolia affected with Euphorbia mosaic. A. Healthy leaf 
(a), and diseased leaves (b, c, and d), showing type of mottling produced. B. Top of 
diseased plant showing a type of vein yellowing that sometimes occurs. 
infection and consist of a certain amount of rugosity and twisting of one 
of the young leaves. Often only one side of the leaf is affected at first. 
Soon vein clearing begins to appear, followed by yellowing of portions of 
the veins. Leaves produced subsequently show spots of various shades of 
green and yellow as already described. 


TRANSMISSION TESTS 
Juice Inoculations 


Low percentages of plants of HLuphorbia prunifolia and Datura stra- 
monium LL. were infected in tests in which juice pressed from diseased E. 
prunifolia plants was rubbed over the leaves of small plants of each of the 
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2 species that had been sprinkled with carborundum. Results of the tests 
with FE. prunifolia are shown in table 1. Somewhat similar results were 
obtained with small plants of D. stramonium. The use of juice from dis- 
eased D. stramonium leaves to inoculate £. prunifolia and D. stramonium 
did not inerease the percentage of plants infected by mechanical inocula- 
tion. 

Further tests were made with other species of plants in attempts to 
learn more of the host range of the virus. It was hoped also to find a plant 
that would be more easily infected by juice inoculation than is Euphorbia 
prunifolia or one that would react by the production of local lesions on in- 
oculated leaves. The species tested, of which at least 5 plants of each spe- 
cies were inoculated, include Acanthospermum hispidum DC., Antirrhinum 
majus Li., Bidens pilosa L., Brassica pe-tsai Bailey, Calendula officinalis L., 


TABLE 1.—Transmission of Euphorbia mosaic to Euphorbia prunifolia plants by 


a with juice from diseased plants 
Number of Number of Number of Number of 
* = plants inoculated check plants check plants 
ree inoculated plants infected (not inoculated ) infected 
160 12 160 (0) 
2 220 2 220 0 
195 16 205 0 
{ 96 ] 96 v 
5 R() 3 


Callistephus chinensis Nees, Dianthus chinensis l., Digitalis purpurea I. 
Fagopyrum esculentum Gaert., Impatiens balsamia 1.., Ipomoea sp., Lactuca 
sativa L., Lycopersicon esculentum Mill., Nicandra physalodes (.) Pers., 
Nicotiana glauca Graham, N. glutinosa l., N. rustica L., N. tabacum L., 
Raphanus sativa L., Tagetes sp., Vinea rosea L., and Viola tricolor L. No 
evidence of infection was obtained on plants of any of these species. How- 
ever, in view of the fact that only low percentages of infection were ob- 
tained by juice inoculation of the main host plant of the virus, FE. prun- 
folia, it eannot be concluded on the basis of these results that all of these 
species are immune from the disease. 

No satisfactory explanation of the low percentages of infection on Eu- 
phorbia prunifolia and Datura stramonium has been obtained. Since the 
virus seems to be associated with parenchyma as indicated by the type of 
symptom produced, and since the method of inoculation employed is un- 
doubtedly adequate to introduce virus of the inoculum into cells of paren- 
chyma, higher percentages of infection might well be expected. Factors 
that have been considered as of possible significance in lowering infection 
are low initial concentrations of virus in juice from diseased plants, partial 
inactivation of virus in the preparation of inoculum, and protection arising 
from changes that occur in wounded cells of the inoculated plants. Little 


direct evidence, however, is available on which to base conclusions. 
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Tests with Insects 


Preliminary tests were made to transmit Euphorbia mosaic by means of 
a species of thrips (Echinothrips sp.) from Euphorbia prunifolia, a white 
fly (Trialeurodes tabaci Bonder) from tobacco, and a white fly (Bemisia 
tabaci) found on E. prunifolia and several other plants. No transmission 
was obtained by means of the first two species, but B. tabaci proved to be 
an efficient vector of the virus and was used in all subsequent experiments 
involving insect transmission of the disease. 

Technique used in handling white flies. Stock colonies of nonvirulifer- 
ous white flies for use in transmission tests were reared in breeding cages 
on healthy plants of Luphorbia prunifolia or on plants such as cotton (Gos- 
sypium hirsutum L.) found to be immune from infection. The insects used 
for establishing the colonies came from healthy field plants and were tested 
first on Euphorbia prunifolia in breeding cages to determine whether they 
carried virus. Viruliferous insects were obtained from diseased plants or 
by feeding nonviruliferous insects on diseased plants. 





Fic. 2. Leaf cage used in confining white flies on plants in transmission tests with 
Euphorbia mosaic. 

Lamp chimneys or medium-sized insect cages made of celluloid and wire 
screen were used to enclose plants that were to be infested with large num- 
bers of insects. Holes in the cloth or screen tops were utilized for intro- 
duction of insects. In tests in which smaller numbers of insects were con- 
fined to plants, a modification of the leaf cage described by Giddings (6) 
was used (Fig. 2). This cage consisted of a thin sheet-aluminum base and 
a celluloid ring 2 cm. in diameter and 2 em. tall, covered with fine-mesh 
wire screen fastened to the ring with acetone-celluloid glue. The ring was 
held in place on the aluminum base by rubber bands. A small hole in the 
celluloid ring provided with a rubber stopper proved convenient for intro- 
duction of insects. The leaf cage was placed in position on the plant by 
tilting the top and slipping a leaf between the ring and the aluminum base. 
A few scratches made on the base with sandpaper prevented the top from 
sliding sidewise when tilted. These cages are very light and may be clipped 
on leaves of plants such as Euphorbia prunifolia or cotton and left sus- 
pended without supports. For this reason they are more convenient than 
heavier cages for use in insect transmission tests of the type made in these 
studies. 


Transmission tests, and results. Tests were made to obtain more in- 
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formation on the host range of the Euphorbia mosaic virus by allowing rela- 
tively large numbers of viruliferous Bemisia tabaci to feed on rapidly 


growing plants in pots. The species of plants infested and the results ob- 


tained are shown in table 2. 


High percentages of the plants of Euphorbia prunifolia and Datura 


stramonium became infected and produced typical symptoms of the disease. 


TABLE 2.—Results of transmission tests by means of Bemisia tabaci to determine 


usceptibility of various species of plants to Euphorbia mosaic 


Infection in plants infested by Bemisia 


tabaci from 


indicated sources 


(50 insects per plant) 





Inseets from 
Plants tested diseased plants 


Number Number 
of of 
plants plants 
infested infected 


Acanthospermum hispidum 5* 0 
Amaranthus caudatus L. 6 0 
Antirrhinum majus 5 0 
Brassica pe tsai 9 0 
( lend a oj nalis 5 0 
Callistephus chinensis 9 0 
Cannavalia ensiformis DC. 5 0 
Celosia argentea L. 8 0 
Centaurea CYanRUs L. 8 0) 
Chrysanthemum cinerarifolium (Trev.) Boece. 4 0 
Datura stramonium 22 20 
Delphinium sp. D VY 
Erigeron bonariensis 6° 0 
Euphorbia pilulifera L. t 0 
Fagopyrum esculentum 37* 19b 
Gossypium hirsutum 10 0 
Impatiens balsamina 14 0 
Ipomoea spp. 13 0 
Lycopersicon esculentum 15 0 
Vanihot utilissima 20 0 
Nicandra ph ysalodes 15 &b 
Oralis sp. 5 3b 
Papaver sp. 5 U 
Phyllanthus corcovadensis 24 Sb 
Phusalis sp. 4 0 
Raphanus sativus 5 0 
Ricir rom?) nix 20 0 
Sida h bifolia I o 0 
Silene pendula L. 5 V0 
Hol ’ berosum | 4 V 
Taaet sp. 5 0 
Trop 1 ma Ss I 5 0 
Vinea sed 5 0 
Fiola trieotor 5 0 
Zinnia elegans Jacq. 12 0 


Insects from 
healthy plants 


Number Number 


of of 
plants plants 
infested infected 
5* 0 
6 0 
5 0 
5 0 
5 0 
9 0 
5 0 
4 0 
10 0 
5 0 
4" 0 
O58 0 
6 0 
4 0 
9 0 
17 0 
8 0 
5 0 
5 0 
10 0 
> 0 
10 0 
9 0 
5 0 
5 0 
2 0 
5 0 
5 0 
4 0 


‘Plants showed vein clearing caused by toxins introduced by white flies. 

b Symptoms resembling some of those produced by Euphorbia mosaic were evident 
on inoculated plants and absent from check plants, but nonviruliferous white flies failed 
to transmit the virus from these inoculated plants to healthy Euphorbia prunifolia seed- 
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The infected plants of D. stramonium showed spots or rings apparently at 
the places where the insects fed. Symptoms following systemic infection 
consisted of vein clearing and yellowing, round chlorotic spots and some 
necrosis along the veins, and downward curling of the leaves. Later symp- 
toms appeared as intense mottling, rugosity, and curling of the leaves. 
Growth was retarded and the plants were stunted. 

Plants of Fagopyrum esculentum, Nicandra physalodes, Oxalis sp., and 
Phyllanthus corcovadensis Muell. and Arg. on which viruliferous white flies 
fed showed vein clearing and other abnormalities that indicated they were 
infected, whereas check plants remained normal. However, attempts to 
transfer the virus from these plants to seedling plants of Euphorbia pruni- 
folia by means of Bemisia tabaci resulted in no infection. 

Plants of Acanthospermum hispidum, Erigeron bonariensis L., and Fa- 
gopyrum esculentum showed a distinct type of vein clearing after insects 
were caged on them. This was evident on plants that were infested with 
viruliferous insects and also on check plants on which nonviruliferous in- 
sects were caged. Apparently some toxie substance of insect origin was 
introduced into the plant in feeding. Distribution of the toxin in the plant 
appeared to have been through the phloem since the pattern of vein clearing 
was similar to that produced by certain viruses known to travel mainly in 
the phloem. A similar type of vein clearing following the feeding of 
Xerophloea vanduzeei Lawson on sugar beet and aster was described by 
Severin, Horn, and Frazier (11). 


Tests for Seed Transmission 
At intervals during the course of this work seeds were collected from 
diseased field plants of Euphorbia prunifolia. The seeds were preserved in 
the laboratory for 1 to 8 months, then planted in flats in cloth cages that pro- 
tected the seedlings from insects. The seedlings were kept under observa- 
tion until they produced several pairs of true leaves. Of 2,262 seedlings 
grown from seeds of diseased plants, none showed symptoms of mosaic, in- 
dicating rather definitely that the virus of Euphorbia mosaic is not trans- 

missible through the seeds of Euphorbia prunifolia. 


Attempts to Transmit Virus by Means of White Flies Fed on 
Liquid Preparations from Diseased Plants 


The low percentages of infection obtained with Euphorbia mosaic on 
plants inoculated with juice by the rubbing method indicate that determina- 
tion of properties of the causal virus by this means would be difficult. 
Therefore, tests were made to determine whether the vector is able to feed 
through an animal membrane of the type used in feeding beet leafhoppers 
(1), with the hope that a method might be developed by which properties 
could be more easily determined. Feeding cages were prepared for these 
tests consisting of glass cylinders about 4 em. in diameter and about 5 em. 
long. The cages were covered at one end with a piece of cloth and at the 
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other end with Baudruche capping skin. The white flies were put in the 
cages, drops of liquid were placed on the outside of the capping skin, and 
the cages with the insects were placed under lights at temperatures rang- 
ing from 30° to 38° C. Many of the insects soon collected below the drops 
and apparently began to feed, since they remained in position below the 
drops for considerable periods and their stylets could be seen projecting 
through the membrane into the drops of liquid. 

White flies were allowed to feed on several preparations of juice from 
diseased plants diluted with water or with 0.1 per cent aqueous solution 
of sodium citrate with and without sucrose. Preparations from alcoholic 
precipitate of juice from diseased plants suspended in water and in 0.1 per 
cent solution of sodium citrate were tested also. The insects were allowed 
feeding periods up to 12 hr. on the different liquids. They were then caged 
on seedling Euphorbia plants in groups of 5 to 10 per plant. Of the 80 
plants on which these insects were caged, none became infected. 

It seems probable that the white flies fed sufficiently in these tests to 
have picked up virus if the concentrations had been as high as those in 
juices that the insects ingest in feeding on diseased plants. It may be, 
therefore, that failure of the artificially fed insects to transmit the virus 
was due to low concentrations of virus in the liquids employed. The 
method, however, would seem to offer promise for use in determination of 
some of the properties of this and other white-fly-transmitted viruses pro- 
vided a method can be found for preparing virus suspensions of relatively 


high econeentrations. 


CROSS INOCULATION TESTS WITH EUPHORBIA MOSAIC AND 
INFECTIOUS CHLOROSIS OF MALVACEAE 


On the basis of host relationships and other characteristics Euphorbia 
mosaic appeared to be new but since another virus disease, infectious chlo- 
rosis of Malvaceae, also transmitted by Bemisia tabaci, is widely distributed 
on species of Sida in the State of Sao Paulo, tests were made to determine 
whether there is any relationship between these two white-fly-transmitted 
diseases. 

In these tests, nonviruliferous Bemisia tabaci were caged on plants of 
Euphorbia prunifolia affected with mosaic and on plants of Sida rhombv- 
folia affected with infectious chlorosis. After feeding periods of 3 to 4 
days the white flies from the two sources were caged on healthy plants of 
E. prunifolia and S. rhombifolia in groups of 5 to 10 per plant. In these 
tests the white flies that fed on diseased FE. prunifolia produced infection 
in 19 of 20 EL. prunifolia seedlings but failed to produce infection in any of 
the 44 S8. rhombifolia plants to which they were transferred. The white 
flies that fed on S. rhombifolia plants with infectious chlorosis produced 
infection in 5 of 31 S. rhombifolia plants and on none of 24 E. prunifolia 
seedlings to which they were transferred. This evidence indicates that the 
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virus causing Huphorbia mosaic is different from that causing infectious 
chlorosis, and that the same insect is able to transmit both viruses. 
THE VECTOR 

Bemisia tabaci is very prevalent in the State of Sao Paulo, Brazil. It 
has been observed in large numbers on Euphorbia prunifolia, Gossypium 
hirsutum, Lycopersicon esculentum, Sida spp., and many weeds. The pop- 
ulation seems to be higher during the summer than during the winter 
months. 

In captivity, it feeds well and breeds on the following plants: Acantho- 
spermum hispidum, Calendula sp., Callistephus chinensis, Erigeron bonari- 
ensis, Euphorbia prunifolia, Gossypium hirsutum, Nicandra physalodes, 
Sida rhombifolia and Tropacolum majus. 

Studies on the life cycle of the insect were not made. It has been de- 
termined, however, that during the summer it takes from 3 to 4 weeks for 
the insect to develop from egg to adult. 


STUDIES OF THE RELATION OF THE VIRUS TO ITS VECTOR 
Method of Testing White Flies for Virus 


All tests for presence of virus in white flies in connection with the 
studies of the relation of the virus of Euphorbia mosaic to its vector were 
made with small plants of Euphorbia prunifolia. Seedlings in the cotyle- 
don stage were transplanted from flats to pots, 4 seedlings per pot, and al- 
lowed to become well established in the pots before being used in transmis- 
sion tests. Tests for presence of virus in the insects were made by con- 
fining the white flies in small leaf cages on the plants and allowing them to 
feed for the desired period. 

Small plants of Euphorbia prunifolia are very convenient for this type 
of experiment and both true leaves and cotyledons are easily inserted into 
the leaf cages for feeding tests. Early in this work tests were made to de- 
termine whether the cotyledons or the true leaves were the more susceptible 
to infection. In these tests plants of uniform size were selected and divided 
into two lots. White flies from diseased plants were caged singly on one 
cotyledon of each plant of the first lot and on one of the true leaves of each 
plant of the second lot, and allowed feeding periods of 3 days. Male insects 
were caged on half of the plants of each lot and female insects on the 
other half. 

In each of 5 tests involving 24 to 64 plants per test a higher percentage 
of infection was obtained by caging the insects on the true leaves. A sum- 
mary of all of the tests shows that of 95 plants with white flies caged on 
true leaves 61 became infected; whereas, of 99 plants with white flies caged 
on the cotyledons, only 42 became infected, indicating that the true leaves 
were better avenues through which to introduce the virus under the condi- 
tions of the tests. Because of these results insects were caged on true 


leaves in most’ of the subsequent experiments. 
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Tests of Offspring of Viruliferous Parents for Virus 


Tests were made to determine whether progeny of viruliferous white 
flies carry virus derived from their parents. In these tests a colony of 
white flies reared on diseased Euphorbia plants, and therefore presumably 
fully charged with virus, was transferred to cotton plants growing in in- 
sect cages. After the insects had remained on the cotton plants about 1 
week and had deposited large numbers of eggs, they were removed. 
Nymphs soon hatched from the eggs and in about 35 days a new generation 
of adult white flies began to emerge from the pupae. Since cotton appears to 
be immune from Luphorbia mosaic it was assumed that insects reared on 
a plant of this type could obtain virus only from their parents. The adults 
in groups of 5 to 10 were tested for virus by being caged on healthy Fu- 
phorbia seedlings soon after they emerged from the pupal stage. Of 120 
seedlings to which insects were transferred none showed symptoms of 
mosaic, indicating that Euphorbia mosaic virus is not transmissible from 


viruliferous parents to their offspring. 


Feeding Period Required for White Flies to Become Viruliferous 

In experiments made to determine the time white flies are required to 
feed on diseased plants in order to acquire sufficient virus to be able to 
transmit it to healthy seedlings, leaf cages, each with 10 nonviruliferous 
adult white flies, were placed on diseased plants and the insects were al- 


TABLE 3.—Feeding period of nonviruliferous white flies on infected Euphorbia 
Pp f al Pp ants req red for transmission of mosaic virus to seedling plants of E. 


Numbers * of plants infected by insects having the indicated 


Test feeding period on diseased plants 
No s : Pa nla ee oe 
5 min. 10 min, 30 min, 60 min, 2 hr. thr. 24 hr 
] 0 ] y 4 
2 2 3 4 5 
2 0 0 } 5 S 
4 0 0 0 ] 


Numbers indicate plants infected of 8, 16, 12, and 20 plants fed on by insects in 


tests 1, 2, 3, and 4, respectively. 
lowed feeding periods ranging from 5 min. to 24 hr. In most of the cages 
some of the insects started feeding almost immediately after being placed 
on the leaf and appeared to feed more or less continuously, at least through 
the shorter feeding periods. At determined intervals the cages were re- 
moved from the diseased plants and placed immediately on leaves of healthy 
plants, where they remained 48 to 72 hr. 

The results of these tests are shown in table 3. In test 3, results show 
that the virus was acquired in a feeding period of 30 min., and in 3 of 4 
tests virus was picked up in 60 min. Results indicate that ability to pro- 


duce infection increases with feeding period on diseased plants, at least 
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during the shorter periods, and suggest that several hours may be required 
for the insects to acquire a maximum charge of virus. 


Feeding Period Required to Transmit the Virus 

White flies reared on diseased Euphorbia plants were used to determine 
the feeding time required for fully charged insects to introduce enough 
virus to produce infection in seedling Luphorbia plants. In these tests the 
insects were removed from the diseased plants and placed in leaf cages in 
groups of 20 to 25 per eage. The cages were then clipped on leaves of 
healthy seedlings and allowed to remain for determined periods. At the 
end of the feeding periods the cages were removed and the plants were 
kept in insect-proof cages until observations were discontinued. 

The results of these tests are shown in table 4. A feeding period of 


TABLE 4.—Feeding period required for white flies reared on diseased plants to 
transmit Euphorbia mosaic virus to healthy seedling plants 








Number of plants inoculated and infected by means of viruliferous white 
flies that had the indicated feeding periods on the inoculated plants 














Test Plants inoe ie mets 
No. - s — Plants infected in the indicated feeding periods 
ulated In 
each feeding Fae — iskednaial . 
period o min, 10 min. 30min. 60min, 2hr. 4hr. 24 hr. 
] 12 ; : ; : 
2 20 0 0 5 19 a 
3 20 0 0 2 8 10 igs ra 
4 12 0 1 9 9 12 ~ a 


*Only 12 plants inoculated. 


5 min. appeared not to be sufficient for the insects to produce infection 
under the conditions of these experiments, and only one of 52 plants was 
infected in the 10-min. feeding period. Infection percentage increased de- 
cidedly in the 30- and 60-min. periods and reached 100 per cent in the 24-hr. 


period in two of the four tests. 


Incubation Period of the Virus in the Vector 

Leaf cages with 10 or 25 nonviruliferous white flies were prepared for 
use in determining the incubation period of the Luphorbia mosaic virus in 
its vector. The cages with the insects were placed on diseased plants and 
the insects were allowed feeding periods of 1 to 7 hr. and then transferred 
at intervals to successive series of healthy seedling plants. In the first 
seven tests the white flies were caged on diseased plants for 1 hr. and then 
transferred at hourly intervals to successive series of healthy plants for 
8 hr., except as noted in table 5, after which the transfer interval was 24 hr. 
or longer. In six other tests the feeding period on diseased plants ranged 
from 2 to 7 hr. and the transfer period on successive series of healthy 


plants varied as shown in the table. 





276 


tabaci 


Bemisia 


in 


rus 


l 


phor bia MOSaLC 


of E 


Lod 


ubation per 


AD uv. Ine 


ABI 


means Of white flies in which the virus had the indicated ineubation period 


Euphorbia plants inoculated and infected by 


of 


Number 


2 hr. 


48 hr. 72 


24 hr. 


) 


hr. 8 hr. 


‘ 


4 hr. 5 hr. 6 hr, 


3 hr. 


hr. 


Pp 


Pp 


p 


p 


p 


I ) 


I ) 


PHYTOPATHOLOGY 


pojJIojuyT 


oye[NvouyT 


pop Iojuy] 


oyelnoouy 


popojuy 


o}ye[NIOUT 


poyoojuy 


oJ eTNOOUT 


popoojuy 


yyeLNIOUT 


Pojvojuy 


dyeLNVOUyT 


pop Iojuy] 


o}e[NovoUuyT 


PpojJdojuy 


yeLNoouy 


Pop Iojuy] 


pE[NVOUT 


pojoosuy 


yelNoOUyT 





9) 


2) 


0 


on 


20 


U0 


24 


ret i> if © 
aoe | 

= =< > 
ON ON 





coco.o}o 
HHODD 
e1c°cle _ 


ss ee x 

‘ oat 
oOo x 

2] -— 


( 
( 
{ 
U0 


16 


St 00 
—— oO 


16 
16 


~ + 
ONO 
= 
> | 


[| Vou. 40 














1950 | Costa AND BENNETT: EUPHorRBIA Mosaic 277 


The results of these tests (Table 5) are somewhat confusing and no sat- 
isfactory explanation is available for some of the results obtained. In 11 
of 13 tests the indicated incubation period was more than 8 hr. In eight 
of these tests it appeared to be between 8 and 24 hr. and in three, between 
24 and 48 hr. However, in two tests the white flies transmitted the virus 
after a 4- to 5-hr. incubation period, ceased to transmit, and then resumed 
transmission later. Mechanical transmission from virus on the mouth 
parts would not seem to explain the results obtained for the short intervals 
in these tests, since the plants on which the insects were placed immediately 
after feeding on diseased plants did not become infected. 

Accidental contamination also seems very unlikely. There is a possi- 
bility that under certain conditions there might occur regurgitation of 
stomach content of the insect to the mouth parts. In this case some in- 
gested virus particles might be introduced in the plant before the virus had 
time to complete its cycle in the body of the vector. This would offer an 
explanation for these results. It is not known, however, whether such a 
phenomenon occurs. Regurgitation was also suggested by Swezy (13) as a 
possible cause in the rapid transmission of the curly-top virus by Circulifer 
tenellus (Bak.), obtained in some cases. Although the cesophageal valve of 
these insects should normally prevent regurgitation of food from the mid- 
intestine, she found one leafhopper, out of 250 examined, with an abnormal 
condition of the w@sophagus, indicating that food regurgitation might occa- 


sionally occur, 


Period of Retention of the Virus by the Vector 


Little is known about the retention of viruses by white flies. Kirkpat- 
rick (8) reported that Bemisia gossypiperda Misra and Lamba (Bemisia 
tabaci) from cotton plants affected with cotton leaf curl remained virulif- 
erous after being caged for 72 hr. on the immune plant Dolichos lablab L. 
Also, viruliferous white flies caged on healthy cotton plants of the variety 
Sakel for 7 days transmitted the leaf-curl virus to cotton plants to which 
they were transferred. 

Experiments were made to determine how long fully charged virulifer- 
ous Bemisia tabaci are able to retain the virus of Euphorbia mosaic in the 
absence of a fresh source of virus. In these tests white flies reared on dis- 
eased plants were confined individually in small leaf cages and transferred 
daily, except Sunday, on a series of healthy Kuphorbia seedlings. It was 
assumed in this test that the insects would be unable to introduce and re- 
cover virus from the seedling plants in feeding periods of 24 to 48 hr. 

The results obtained with 25 white flies, which are selected as represen- 
tative, are shown in table 6. The percentage of infection produced by the 
insects over the periods of feeding is relatively low in most instances. The 
distribution of infected plants in the series is more erratic and the number 
of infected plants is smaller than in similar experiments in the transmis- 
sion of North American curly top by means of Circulifer tenellus (3) and 
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Brazilian curly top by means of Agallia albidula Uhl. (2). The results 
show clearly, however, that Bemisia tabaci is able to retain virus for con- 
siderable periods. Infection was produced in two instances in the 17th and 
in one instance in the 18th transfer, which in this test would involve re- 
tention of the virus for as long as 19 and 20 days, respectively. 

Individuals differed in their ability to transmit the virus. Insect 2 
(Table 6) was relatively efficient in transmission although it lived through 
only 10 transfers, whereas six other insects transmitted to none of the 
plants on which they fed despite the fact that they were reared on diseased 
plants and presumably had maximum charges of virus. Whether these in- 
sects failed to act as vectors because of some inherent inability to transmit, 
or failed due to chance, different environmental conditions, or other in- 
fluences, is not known. It seems probable that sex of the individual white 
flies may have influenced performance, since it was found later that males 
are less efficient than females as vectors. Unfortunately, the sex of these 
white flies was not determined. 

On the basis of results obtained in this experiment, the Euphorbia 
mosaic virus must be considered a persistent type following the concepts of 
Watson and Roberts (14) with respect to the relation of viruses to their 
vectors. This is of added interest because most mosaic viruses, so far as 
determined, have been found to be nonpersistent, whereas most viruses that 
do not cause mottling have been found to be persistent in their vectors. 


Relation of Sex to Ability to Transmit Virus 


In order to facilitate sex determination of white flies, single insects were 
confined in leaf cages and then examined under a low-power lens. The 
transparent celluloid wall of the leaf cage permitted the observation of the 
abdomen of the insect. It had been determined earlier that there is a cor- 
relation between shape of abdomen and sex, the female having a roundish 
and the male a tapering abdomen. Pruthi and Samuel (10) described a 
similar correlation between sex and shape of abdomen for Bemisia tabaci 
in India. 

To test the relative efficiency of male and female white flies in the trans- 
mission of Euphorbia mosaic virus, white flies from diseased plants were 
divided into two lots according to sex and caged singly on seedling Euphor- 
bia plants on which they were allowed to feed for 48 or 72 hr. The number 
of insects that died during the feeding period was determined in the first 
six tests, but since mortality counts did not differ significantly for the two 
sexes they were discontinued in later tests. 

The results of 10 tests involving 368 insects of each sex (Table 7) show 
clearly that under the conditions of these tests the efficiency of the female 
in transmission was almost twice that of the male. It is of interest in this 
connection that Orlando and Silberschmidt (9) reported females of Bemisia 
tabaci markedly more efficient than males in the transmission of the virus 


of infectious chlorosis of Malvaceae. 








280 PHYTOPATHOLOGY [ Vou. 40 


The reasons for the greater amount of transmission by the female white 
fly is unknown. It would seem logical to expect, however, that the meta- 
bolie activity and the food intake of the female, due to egg production and 
larger size, would be greater than that of the male. Since the amount of 
virus taken up from the plant by the insect would be expected to be more 


TABLE 7.—Transmission of Euphorbia mosaic virus by males and females of 
Be n a tabaci 


Plants fed on and plants infected by single white flies 
of the sex indicated 


Tes 
No Number of Plants infected by means of: 
plants fed on as 
by white flies 
of each sex Males Females 
Number Per cent Number Per cent 
40 5 12.5 12 30.0 
32 4 712.5 5 15.6 
3 32 13 40.6 21 65.6 
32 10 31.2 15 46.8 
5 52 6 11.5 12 23.1 
6 52% 4 a4 12 23.1 
7 32 18 56.2 27 84.4 
8 32 13 40.6 23 71.9 
v 32 10 31.2 19 59.4 
10 so Ss 25.0 16 90.0 
Totals al d 
transmis n 


or less proportional to the food intake, the female on this basis would carry 
more virus and perhaps introduce greater quantities of virus into the plant 
in feeding. However, in this connection it should be pointed out that 
Freitag (5) has shown that the male of Circulifer tenellus is more efficient 
than the female in the transmission of the virus of sugar-beet curly top. 


Relation of Number of White Flies to Percentage of Infection 


Viruliferous white flies reared on diseased Euphorbia plants were used 
in experiments to determine the relation between number of insects that fed 
on healthy plants to percentage of infection produced. The desired num- 
bers of white flies were placed in small leaf cages and the cages were clipped 
on leaves of seedling Euphorbia plants. The insects were allowed a 48-hr. 
feeding period in some experiments and a 72-hr. feeding period in others. 
At the end of the respective feeding periods the insects were removed and 
the plants were watched for appearance of symptoms of disease. 

The results of these experiments are shown in table 8. They show that 
inoculation by means of one white fly per plant resulted in transmission to 
slightly more than half of the inoculated plants. Percentage of infection 
increased with increase in number of insects and reached 100 per cent in all 


tests with 10 insects per plant. 
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TABLE 8.—Relation of number of viruliferous white flies per plant to percentage of 
infection produced 





Plant inoculated and infected by means of indicated number of 
white flies per plant 

















No. ' Ma ae —_ nd __ se 10 n= tena 
TInocu- In- Inocu- In- Tnocu- In- TInocu- In- 
lated fected lated fected lated fected lated fected 

Number Pet. Number Pct. Number Pet. Number’ Pet. 

1 64 70.3 24 87.5 12 83.3 8 100 

2 64 37.5 24 70.8 12 91.7 7 100 

3 64 56.2 24 87.5 12 91.7 8 100 

4 64 45.3 24 75.0 12 83.3 8 100 
Mean per- 
centage of 

infection 52.3 80.2 87.5 100 


Transmission of Virus by White Flies that Fed on Diseased 
Plants only in the Nymphal Stages 


Results of numerous tests show conclusively that adults of Bemisia 
tabaci can pick up the virus of Euphorbia mosaic and transmit it to healthy 
plants, but since the nymphal stages of white flies are stationary and more 
or less firmly attached to the host, no practical way has been found to test 
the ability of the different nymphal instars to acquire and transmit viruses. 
This difficulty in testing white flies for ability to transmit viruses was em- 
phasized by Kirkpatrick (8), who stated that he did not succeed in remov- 
ing either nymphs or ,,upae of Bemisia gossypiperda (B. tabaci) from cot- 
ton leaves in condition to be used in studies of their ability to transmit the 
cotton leaf-curl virus. We found, however, that the pupae of Bemisia 
tabaci can be removed from leaves of Euphorbia prunifolia in most cases 
without injury. Apparently as the insect goes into the pupal stage the 
mouth parts are withdrawn from the plant tissue and the insect remains 
attached to the leaf or stem only by a cementing substance between the 
plant and the pupa case. Advantage was taken of this condition to test 
insects from diseased leaves for virus content under conditions that pre- 
eluded feeding on diseased plants in the adult stage. 

In these tests pupae were detached from diseased leaves by means of a 
small brush or a needle and placed on healthy Euphorbia leaves in Petri 
dishes. Within 24 to 48 hr. adult white flies emerged from the pupa cases. 
A few of the emerged adults had deformed wings, but most of the insects 
appeared normal. Soon after emergence the insects were placed in leaf 
cages in lots of one, two, or five and caged on healthy Euphorbia seedlings 
to determine whether they were able to transmit virus. In these tests one 
insect was placed on each of 24 plants, two insects on each of 24 plants, and 
five insects on each of 48 plants. No infection was obtained with the 
smaller numbers of insects, but 9 of the 48 plants each with five insects be- 
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eame diseased. In a parallel test in which five white flies that fed on dis- 
eased plants only in the adult stage were caged on Euphorbia seedlings, 
nine of sixteen plants became infected. 

The results from this limited number of tests show that Bemisia tabaci 
is able to pick up virus in the pre-adult stages and that the virus is retained 
in the insect through transition from pupa to adult in condition to be trans- 
mitted to healthy plants by the adult insect. The results suggest, however, 
that such adults may be less effective vectors than those that obtain their 
charge of virus by feeding in the adult stage. 


NAME AND CLASSIFICATION OF THE CAUSAL VIRUS 

The characteristic mottling produced on Euphorbia prunifolia by Eu- 
phorbia mosaic and the fact that the causal virus is transmissible by juice 
inoculation make it necessary to consider the disease a type of mosaic. The 
symptoms that the virus causes on its main host plant are characteristic of 
those produced by viruses of the genus Marmor of Holmes (7). Following 
Holmes’ system of virus classification and nomenclature, the name Marmor 
conspicuum is proposed for the virus with the following description: 
Marmor conspicuum n. sp. 

This virus causes a conspicuous type of mottling on Euphorbia prun- 
folia Jacq., with a predominance of yellow, golden yellow, or whitish areas 
on a green background. Severe symptoms are produced also on Datura 
stramonium L. It is juice-transmissible to low percentages of plants by 
the rubbing method of inoculation, with the help of carborundum. The 
vector is a white fly, Bemisia tabaci (Genn.). The virus is able to persist 
in the vector for at least 20 days but does not pass from parents to progeny 
through the egg stage. 

Descriptive habitat: State of Sao Paulo, Brazil. 

In the system of classification and nomenclature of Smith (12), the 
virus should be named Euphorbia virus 1. 


SUMMARY 

A new virus disease of the mosaic type in the State of Sao Paulo, Brazil, 
is described on Euphorbia prunifolia, 

The vector of the causal virus is a white fly, Bemisia tabaci. The virus 
was transmitted to a low percentage of inoculated plants by juice inocula- 
’ tion but was not transmitted through seeds of diseased Euphorbia prun- 
folia plants. No transmission was obtained by means of white flies that 
fed through a membrane on liquid preparations from diseased plants, 
although they appeared to feed reasonably well on some of the preparations. 

Cross inoculation tests indicate no relation between Euphorbia mosaic 
and infectious chlorosis of Malvaceae also transmitted by Bemisia tabact. 

The causal virus was not transmitted through the egg stage of Bemisia 
tabaci. White flies acquired enough virus to transmit to healthy plants 
in feeding periods of 30 min. and longer but not in feeding periods of 5 
and 10 min. Individuals reared on diseased plants transmitted virus to 


healthy plants in feeding periods of 10 min. and longer but not in a feeding 
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period of 5min. The indicated incubation period of the virus in the vector 
was 4 to 5 hr. in two tests, 24 hr. or less in eight tests, and 48 hr. or less in 
three tests. The virus persisted in the vector for at least 20 days. 

Tests indicate that the transmission efficiency of the female white fly is 
almost twice that of the male. Single insects transmitted the disease to 
about 50 per cent of the plants on which they fed; percentage of infection 
increased with numbers up to 10 insects per plant, at which point 100 per 
eent infection was obtained. 

White flies acquired and transmitted virus in the adult stage. They 
also transmitted virus in the adult stage that was acquired through feeding 
in the pre-adult stages, although such insects appeared to be less efficient 
than those that fed on diseased plants as adults. 

On the basis of known characteristics the virus of Euphorbia mosaic is 
assigned the name Marmor conspicuum n. sp. in the system of classification 
and nomenclature of Holmes (7), and Euphorbia virus 1 in the system of 
nomenclature proposed by Smith (12 
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Shank, stalk, and ear rots are among the most important diseases of 


l Minnesota, and in certain years they cause considerable damage, 


l 


The spread of the European corn borer (Pyrausta nubilalis HWbn.) into 


corn 1 


Minnesota has increased the amount of stalk rot and has complicated the 
development of varieties of corn resistant to this disease. Observations in 
1947 and 1948 indicate that the greater the infestation of the European 
corn borer, the greater the amount of stalk rot. Inbred lines and varieties 
of corn that are usually relatively free from stalk rots developed consider- 
able rot when injured by the corn borer. <A similar relationship has been 


reported between certain species of billbugs and root and basal stem rots of 


cereals and grasses (4,5). MeKeen (8) found that the corn borer provided 
an avenue of entrance for Erwinia carotovora Jones into pepper fruit. 
The injury caused by the European corn borer is conspicuous, and the 


damage caused by the microorganism associated with the insect is fre- 
quently overlooked or is attributed to the borer. Preliminary studies by 
the writers (1, 9) indicate that stalk-rotting organisms greatly aggravate 
the damage caused by the European corn borer, and frequently destroy 
much more of the stalk tissue than does the borer. The present study is a 
continuation of work begun by the writers in 1947 on the relationship be- 


tween the European corn borer and shank, stalk, and ear rots of corn. 


Insect Provides Avenue of Entrance for Fungi 


In 1947 and 1948, surveys were made to determine the degree to which 
stalk rots are associated with European corn borer infestation, and the 
important data are summarized in table 1. In an experimental plot in 
1947 at University Farm, St. Paul, Minnesota, more than 1000 stalks from 
59 corn lines and crosses were sliced longitudinally and the prevalence 
and severity of stalk rot were ascertained. By October 1, 84 per cent of the 
internodes with borer injuries had conspicuous stalk rot, and as the season 
progressed, more rot developed. The noninfested internodes in the stalks 
were comparatively free from rot. In many cases there were several insect 
tunnels in the same stalk and at various places on the same plant: inter- 
nodes, nodes, shoots, neck, shanks, and ears. Observations made early in 
the season may not necessarily give an accurate indication of the rot that 
follows the infestation; if environmental conditions are favorable for rot 

iPaper No. 2492 of the scientific journal series of the Minnesota Agricultural 
Experiment Station. 

2 The writers are indebted to T. Kommedahl and J. J. Reilly for their assistance, and 
to Marshall Evans, Minnesota Valley Canning Co., Le Sueur, Minnesota, for furnishing 
infested corn stalks during the growing season. 
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TABLE 1.—The association of shank, node, and stalk rots of corn with infestation 
of the European corn borer in 1947 and 1945 


1947 1948 

sate ateriala ora 

Infested material ’ Percentage : Percentage 
Number Number 
rotted rotted 

Stalks 352 84 343 83 

Internodes 446 R8 727 90 

Shanks 62 93 


aqIn 1947 the infested material was collected at University Farm, St. Paul, Minne 
sota, and in 1948 at Waseca, Minnesota. 


development, there may be a considerable increase in the extent and severity 
of the disease after the original observation. 

In 1948 a similar study was made at the Experiment Station at Waseca, 
Minnesota, with virtually the same results (Table 1). Eighty-three per 
cent of the infested stalks had rot adjacent to the insect tunnels. Rots 
were present in 90 per cent of the 729 internodes infested by the corn borer. 
As in the previous year, the amount of rot adjacent to the insect tunnel 





“ Rei 


Fic. 1. Corn stalk rots following infestation by the European corn borer: A. Hole 
made in stalk by larva. B. Rot associated with insect tunnels in internode and node. 
C. Rot of shank as well as internode, following larval injury. D. General stalk rot fol 
lowing insect infestation. 
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varied from a trace to severe infection. On the average, about one-half 
the internode was discolored. Sometimes the rot extended into the next 
internode, and occasionally it developed into general stalk rot (Fig. 1). 
The corn borer larva may hasten the distribution of harmful micro- 
organisms within the plant. Although the pathogens often progress rap- 
idly within the tissue of an internode, the node tissue greatly retards the 
spread of the fungi. The corn borer frequently attacks the node directly 
or tunnels through it, and facilitates the rapid spread of fungi within the 


plant (Fig. 1 


Insect in Relation to Shank and Ear Infection 


The corn borer frequently infests the shank, and infested shanks fre- 
quently break. The insect tunnels in the shank, as in the stalks, are usually 
associated with rots. Thus, in 1948, rots developed in 93 per cent of the 
infested shanks (Table 1). Moreover, under favorable conditions rots may 
continue to progress until late in the fall, long after the insect becomes in- 
active. Naturally, rotted shanks are more subject to breakage than dis- 
ease-free shanks whether or not infested with insects. 

Ear rots may result from shank infection. Severe ear rot of sweet corn 
following shank infection by the corn borer has been reported.* The im- 
portance of shank infection in relation to ear rot was demonstrated by arti- 
ficial inoculation. In 1948 about 200 shanks of two varieties of corn were 
inoculated by the toothpick method (11) with Gibberella zeae (Schw.) 
Petch and Diplodia zeae (Schw.) Lev. Rot developed in virtually all the 
shanks and often extended into the ear; sometimes the entire ear was rotted. 
Thus, if shanks are infested, rots tend to increase, shank breakage increases, 
and ear rots may increase. 

Insects also may increase the prevalence of molds and ear rots by pro- 
viding avenues of entrance for fungi directly to the ear. Several workers 

3, 7, 10) have shown that injuries caused by the ear worm, Heliothis ar- 
migera Hiib., facilitated the entrance of molds (Aspergillus spp., Penicillium 
spp.) and other pathogens. Field observations and laboratory isolations 
from ears infested with corn borer corroborate the frequency of this rela- 
tionship between the European corn borer and the development of molds 
and ear rots. Aspergillus and Penicillium frequently sporulated on the in- 
jured kernels adjacent to the tunnels made by the corn borer, and Fusa- 
rium spp., Gibberella zeae, and Diplodia zeae were frequently isolated from 


rotted tissues. 


Insect Frass in Relation to Rots 


Exerements of certain insects may serve as an excellent medium for 


rapid multiplication of microorganisms (4, 5). In order to determine 
whether the frass of the corn borer was infested with microorganisms, in- 
sect-infested stalks were surface-disinfected and slit open with a sterilized 

Observation made by Marshall Evans of Minnesota Valley Canning Co., Le Sueur, 
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knife; bits of the frass were immediately plated on nutrient agar. In 
every case the frass was thoroughly infested with many microorganisms, 
frequently those associated with stalk rots (Fig. 2, A). The frass, there- 
fore, being a favorable substrate for multiplication of the organism, may 
hasten the progress of the rot. 

Certain organisms, such as Penicillium oralicum Currie (6), kill the 
tissue of the host in advance of penetration by production of toxic sub- 
stances. Thus, facultative parasites, growing on frass, may produce toxic 
substances that enable them to establish parasitic relationship with adjoin- 
ing host tissue. It is not uncommon for frass and pollen to accumulate be- 





> 


Fig. 2. A. Colonies of fungi and bacteria arising from frass of European corn 
borer on nutrient agar. B. Colonies of fungi developing on nutrient agar after a larva 
taken from an infected tunnel had crawled across the medium. 


tween the stalk and leaf sheath. This material becomes thoroughly in- 
fested with many kinds of fungi (2). Nodes, stalks, and leaf sheaths ad- 
joining such infested material are often discolored and rots frequently 
follow such injuries. Fungi such as Fusarium spp. and Diplodia zeae were 
observed sporulating in material between sheath and stalk. Thus fungi 
which do not depend on injuries for entrance into the plant are aided by 
frass, which provides suitable material for rapid growth of the organism 
at the infection court. 


Microflora of Rotted Tissues and the Larvae 


A study was made of the microflora associated with rotted stalk tissues 
that accompanied corn borer injury after the outer surface of the stalk had 
been washed with alcohol and flamed. Bits of discolored tissue were re- 
moved aseptically from infested internodes of 290 corn stalks, and were 
plated on potato-dextrose agar. In another method the surface of the 
rotted portions was disinfected before plating. Microorganisms were iso- 
lated from 92 per cent of the internodes thus studied. The number and per- 
centage of the more prevalent organisms that were isolated are shown in 
table 2. Besides many of the common stalk-rotting pathogens such as Fu- 
sarium spp. Gibberella zeae, and Diplodia zeae, a considerable number of 
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other weak parasites and saprophytes also were isolated. Fusarium spp. 
were isolated from 50 per cent of the internodes and Gibberella zeae from 
3 per cent. Frequently two or more organisms were present in the same 
infested internode. When the entire rotted tissue from the internode was 
plated out, a higher percentage of various organisms involved was obtained. 
[t is rather significant that Diplodia zeae, which is usually the most preva- 
lent stalk-rotting organism in Minnesota, was not particularly prevalent in 
the rotted tissue. The results indicate that weak pathogens may play a 


TABLE 2.—Microorganisms isolated from 290 rotted internodes of corn stalks in- 
fested with the European corn borer, in 1947 and 1948 


Internodes yielding microorganisms 
Microorganisms isolated - —_——— 
Number Percentages 





Alternaria spp. 52 18 
Aspergillus spp. 94 9 
Cephalosporium spp 28 10 
Diplodia rede 10 3 
Fusarium spp. 148 50 
Gibberella cede 27 9 
VUucor spp., Rhizopus spp. 48 17 
Pe nicillium spp. 31 11 
Other fungi 40 14 
Bacteria 211 73 


2 Some internodes yielded more than one organism; hence the total of percentages is 
more than 100. 


more important role when the stalks are injured by the corn borer. Nat- 
urally, the kind and relative prevalence of the microorganism varied con- 
siderably with locality, climatie condition, and stage of development of the 
host 

To determine whether larvae are infested externally and internally with 
the organisms associated with stalk rots, isolations were made from 261 
larvae by two methods: 1) Larvae were allowed to crawl on the surfaces 
of plates of potato-dextrose agar, and 2) the viscera and carcasses of sur- 
face-disinfected larvae were plated on the same medium. Numerous fungi 
and bacteria, including several stalk-rotting organisms, were isolated by 
both methods (Fig. 2, B, and Fig. 3, A and B). In addition, several fungi 
were isolated from inside the bodies of dead larvae. The results are sum- 
marized in table 3. 

Although fungi and bacteria were frequently isolated from the interior 
of larvae during the growing season, the fungi were not prevalent in the 
inactive larvae collected from diseased stalks in the winter. The frequency 
of bacterial isolations, on the other hand, remained about the same as during 
the summer and fall. Fungi were isolated readily from the tissues of the 
infested portion of the stalks in the fall and winter. The failure to isolate 
fungi from viscera of inactive larvae apparently is related to the fact that 


the larvae usually, under normal conditions, empty their stomach and in- 
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testinal contents before entering the inactive stage. Occasionally larvae, 
taken from the field in the winter, did yield fungi of various kinds; in one 
ease Diplodia zeae was common. There is always the possibility that some 
of the larvae ingested food after they were brought into the laboratory, 





Fig. 3. A. Orgunisms developing from bodies of surface-disinfected larvae of Euro- 
pean corn borer; left, Fusarium; right, bacteria. B. Colonies of Fusarium arising from 
internal organs of larva on nutrient agar. 
and this may account for prevalence of fungi in certain lots of inactive 
insects. The corn borer is perhaps not an important agent of dissemina- 
tion of pathogens, except by its limited movements within the infested plant. 


TABLE 3.—Microorganisms isolated from internal parts of living and dead larvae 
of European corn borer obtained from different sources during 1947 and 1948 








Time of year and percentage of organisms 
isolated from living and dead larvae 


Organism isolated 


May to October November to April 

Alive Dead Alive Dead 
Alternaria spp. 10 25 2 10 
Aspe rgillus spp. 2 3 
Diplodia zeae 2 5 
Fusarium spp. 35 10 9 39 
Gibberella zeae 4 3 
Mucor spp., Rhizopus spp. 9 20 3 16 
Penicillium 18 3 6 
Other fungi 10 5 5 6 
Bacteria 54 65 62 31 
Total number of inseets 159 20 66 31 


aSometimes more than one organism was isolated from a larva; hence total per- 
centage is sometimes more than 100. 


DISCUSSION 
The results obtained during 1947 and 1948 indicate that the European 
corn borer plays an important role in the development of stalk, shank, 
and ear rots of corn. Infested plants were usually more severely rotted 
than noninfested plants. The holes made by the insect provide easy ave- 
nues of entrance for fungi into stalks, shanks, and ears. The larvae carry 
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fungi and bacteria on and in their bodies, hence the movements of the 
larvae inside the host hasten the spread of the organisms, particularly 
when the insects tunnel through the nodes. The excrement of the larvae 
in the tunnels furnishes an excellent medium for the rapid growth of the 
fungi. Naturally the injuries caused by the borer weaken the adjoining 
tissues, rendering them more subject to fungus attack. The microflora 
associated with the rot of the insect-infested plants was often similar to 
the microflora of the rot of the noninfested plants, except that there was a 
higher percentage of weak pathogens and saprophytes present in the areas 
infested by the corn borer. 

The European corn borer weakens the plant mechanically, and the in- 
juries also eut off a certain amount of the plant’s nutrient supply. The 
rots often follow the injuries and usually involve more tissue than is ae- 
tually destroyed by the insect. Consequently, damage attributed to the 
European corn borer may be due in part to damage caused by stalk- and 
ear-rotting fungi following the infestation of the insect. Any attempt to 
control stalk and ear rots of corn therefore must take into account the 
importance of the European corn borer in this disease problem. In the 
program of breeding stalk and ear rot-resistant varieties of corn at the 
Minnesota Agricultural Experiment Station, many lines and varieties of 
corn are tested each year for resistance to these diseases. Pure cultures of 
stalk- and ear-rotting organisms are grown on round toothpicks which are 
inserted into small holes in the stalks about one week after silking. Inbred 
lines and varieties of corn differ considerably in resistance and susceptibil- 
ity to stalk rot when inoculated in this manner. Thus, by simulating the 
conditions whereby certain stalk-rotting fungi may enter the plants, inbred 
lines of corn may be selected that are resistant to stalk rot under a wide 
range of conditions. The development of varieties of corn resistant to in- 
ternal stalk rot also helps to reduce the apparent damage caused by the 
European corn borer. 

SUMMARY 


Stalk, shank, and ear rots of corn are commonly associated with the 
injuries caused by the European corn borer in the corn-growing region of 
Minnesota. The European corn borer may aid in the development of rots 
in the following way: it provides an entry for fungi, particularly weak 
pathogens; the movements of the larvae distribute organisms inside the 
plant; the frass within larval tunnels serves as medium for the rapid in- 
crease of the invading organisms; and the injuries caused by the borer 
weaken the adjoining tissues, thereby making them more subject to fungus 
attack. Species of Fusarium were by far the most common pathogens iso- 
lated from infested shanks, stalks, and ears, although other fungi includ- 
ing weak pathogens and saprophytes were prevalent. Bacteria of various 
types also were present. During the summer and fall larvae were usually 
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infested both internally and externally with many of the microorganisms 
that cause stalk rot. 
UNIVERSITY FARM 
SAINT PAUL, MINNESOTA 
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PUNGENCY, COLOR, AND MOISTURE SUPPLY IN RELATION 
TO DISEASE RESISTANCE IN THE ONION’! 


d.§ B. OWEN, J.C. WALKER, 2Nvod M.A. BTA MANN 


(Accepted for publication November 10, 1949) 


In a previous paper, Hatfield, Walker, and Owen (2) reported on a 
study of the relation of antibiotic substances in the onion to resistance to 
smudge (Colletotrichum circinans (Berk.) Vogl.), neck rot (Botrytis allii 
Munn), and black mold (Aspergillus niger v. Tiegh.). While colored 
varieties were in general more resistant to smudge than white varieties, this 
correlation did not hold in colored varieties in which the bulbs had only one 
or two outer seales, which split and sloughed readily, exposing the fleshy 
scales to the pathogen. Strongly pungent varieties in each of the red, yellow, 
and white groups, except in the case of those colored varieties having easily 
sloughing seales, tended to have lower smudge indices than mildly pungent 
varieties. This indicated that pungency had an effect upon smudge resist- 
ance which was secondary to that based on phenolic substances in outer 
colored seales (1, 3, 4, 5, 6, 8). Smudge indices in general increased with 
increase in moisture supply during the growing seasons. Neck rot disease 
incidence was high in only one season, when frequent overhead irrigation 
was practiced. Under these conditions the percentage of diseased bulbs 
was significantly higher in the mildly pungent than in the strongly pungent 
varieties in each color group. Black mold tended to be more severe in dry 
weather than under overhead irrigation, and the incidence in colored varie- 
ties tended to be higher than in white varieties. 

In order to study further the interaction of color, pungency, and mois- 
ture on the incidence of the three diseases, experiments were continued at 
Madison, Wisconsin, in 1948, in which duplicate plots were grown, one under 


overhead irrigation, the other under natural weather conditions. 


MATERIALS AND METHODS 


Mild and pungent varieties of white, red, and yellow colors were selected 
in which there was a minimum tendency toward sloughing of outer scales. 
The seeds were sown in flats in the greenhouse at Madison, Wisconsin, in 
early March and were transplanted to the field on May 1, 1948. <A split-plot 
design was used in which the incidence of the diseases could be studied under 
both moist and dry conditions. One-half of the blocks in the moist treat- 
ment and one-half of those in the dry treatment were inoculated with 
Botrytis allii by application of a heavy spore suspension directly on the 
plants. The remaining blocks were inoculated by spreading spore-bearing 
pieces of onion infected with the same fungus between the rows and at least 

‘This investigation was conducted in cooperation with the Division of Fruit and 


Vegetable Crops and Diseases, Bureau of Plant Industry, Soils, and Agricultural Engi- 


neering, Agricultural Research Administration, U. S. Department of Agriculture. It was 
supported in part by a grant from the Schenley Corporation. 
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6 in. from the plants. The first method is referred to hereafter as the 
‘¢direct’’ method; the second method, as the ‘‘indirect’’ method. Inocula- 
tions were made on June 21, July 14, July 27, August 6, and August 13. 
With both methods, inoculation in the late afternoon was followed by 2 hr. 
of watering from an overhead sprinkler. The blocks in the wet treatment 
were sprinkled for 2 hr. each night, beginning with the first inoculation, 
until harvest time (70 days later), while those in the dry treatment received 
only natural rainfall and 2 hr. of watering after each inoculation. The 
total rainfall for the 70-day period was slightly less than 6 in. No inoculum 
was applied for smudge and black mold since the same area had been 
previously inoculated for 4 consecutive years with these two organisms. 
There were four replications (with 50 plants) of each variety for each 
method and each treatment for neck rot, and eight replicates of each for 
smudge and for black mold. 

The onions were harvested in late August, placed in open-mesh bags, 
and stored in shallow layers on slatted racks. Disease indices for smudge 
and black mold were determined in mid-October and for neck rot in mid- 
November. The incidence of each disease was recorded by placing the bulbs 
in one of four arbitrary classes designated as follows: 1) those free from 
symptoms; 2) those slightly diseased; 3) those moderately diseased; 4) 
those severely diseased. To these classes were assigned the numbers 0, 1, 
2, and 3, respectively. An index for each disease in each lot was calculated 
by multiplying the number in each class by the class number, adding the 
products, and dividing the total by the product of the highest class and the 
total number of bulbs in the lot; this figure was then multiplied by 100 to 
obtain the index. 

EXPERIMENTAL RESULTS 


The average neck rot indices are presented in table 1. In the wet treat- 
ment the direct method gave significantly higher indices than the indirect 
method in each color-pungency class. The same was true in the dry treat- 
ment, except for the red-strong and yellow-strong varieties. With the direct 
method the index was significantly higher in the wet treatment than in the 
dry treatment; and the same was true with the indirect method, except for 
the two colored-pungent varieties. This showed clearly that frequent 
watering enhanced infection, as did application of spores directly to the 
bulbs. When the mild varieties were compared under any one treatment 
and method, there was no significant difference between color classes, except 
in the indirect-dry group, in which the white index was significantly lower 
than either of the color indices. When strong varieties were compared, 
however, the colored varieties under the wet treatment had significantly 
lower indices than white varieties; under the dry treatment the indices 
were all low and no consistent differences were observed. These results 
showed even more strikingly than did those previously recorded (2) that 
mild varieties are more susceptible to neck rot than are pungent varieties. 
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TABLE 1.—Neck rot indices in various color-pungency classes subjected to wet and 
dry treatments and direct and indirect inoculation 
Neck rot indices 
Seale , ros Wet treatment Dry treatment 
“om Pungency Variety ; 
coior bs © 
Direct Indirect Direct Indirect 
method method method method 
Index Index Index Index 
White Mild White Sweet Spanish 67.3 47.6 24.8 4.0 
Strong Southport White Globe 45.6 20.3 13.4 1.2 
Red Mild Italian Red 64.5 45.3 32.3 16.0 
Strong Southport Red Globe 32.9 7.8 10.1 6.9 
Ye Mild Utah Sweet Spanish 61.3 46.9 24.1 10.5 
Strong Yellow Globe Danvers 33.5 8.0 3.8 7.9 
LSD 19:1 99:1 
Between iriety means, between 
methods, within a treatment 8.0 11.8 
Betwee variety means, between 
treatments, within a method 8.2 11.8 
Between iriety means, for a 
ticular method and treatment 8.5 11.3 


They also show that where pungent varieties are concerned, the antibioties 
associated with the scale pigments have sufficient effect upon penetration 
to render colored varieties more resistant than white varieties, although the 
influen 


in the fleshy scales. 


ce is secondary to that of the pungency-associated antibiotics present 
The smudge and black mold indices are presented in table 2, where they 
are compared with neck rot indices from the direct method of inoculation. 
For each color-pungency class the smudge index was greater under the wet 


treatment. The differences were significant, however, only in the white 
TABLE 2 Smuc black mold, and neck rot indices in various color-pungency 
LS8e a? dry treatments 
Mean of disease indices 
Neck rot Smudge Black mold 
Color Variety Pungency — 
Wet Dry Wet Dry Wet Dry 
treat treat- treat- treat- treat- treat- 
ment ment ment ment ment ment 
WI Vhite Sweet Spanish Mild 67.5 24.8 61.3 11.8 2.9 10.8 
S hpo1 White Globe Strong 45.6 13.4 50.6 8.2 2.0 oe 
Re Italian Red Mild 64.5 32.3 14.7 11.2 10.1 16.6 
Southport Red Globe Strong 32.9 10.1 6.8 6.1 9.1 6.4 
y. h Sweet Spanish Mild 61.3 24.1 13.3 6.2 12.3 12.8 
Y ww Globe Danvers Strong 23.5 3.8 1.4 ic iy Be 12.4 
LSD between varieties 19:1 8.5 4.8 4.7 
n reatment 99:1 11.3 6.4 6.2 
LSD tw 1 varieties. 19:1 ao 8 5.2 
een moistures 99:] 11.8 8.3 7.4 
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varieties. When the varieties were compared within the wet treatment both 
white varieties had very high indices and all four colored varieties had low 
indices. When mild and strong varieties in each color class were compared 
within the wet treatment, the index of the mild variety was always signifi- 
cantly higher than that of the strong variety. It is obvious that high 
moisture increased smudge and that the pungency-associated and pigment- 
associated antibiotics influenced the indices as in neck rot. However, while 
in the case of neck rot the pungency-associated antibiotics were the more 
influential, in smudge the pigment-associated antibiotics assumed the im- 
portant position. 

The black mold indices were consistently low. <As in previous trials (2), 
the dry treatment tended to produce higher indices than did the wet treat- 
ment. This was significant only in the white class. The colored varieties, 
with one exception, had higher indices than the white varieties, which again 
confirms previous trials (2). However, the differences between colored and 
white classes were consistently significant only in the wet treatment. There 
was no indication of an influence of pungency in relation to black mold. 


DISCUSSION 


The creation of a neck rot (Botrytis alli) epidemie by artificial inocula- 
tion depends largely upon the moisture present as well as upon the source 
and amount of inoculum. Previous experiments by Hatfield et al. (2) 
showed that the neck rot indices were very low during dry seasons, but when 
the plots were subjected to frequent watering with an overhead sprinkler 
the disease indices were much higher. The direct method of applying in- 
oculum was used by them in every experiment. Rainfall during the 1948 
experiment was less than 6 in. and provided an excellent opportunity for a 
wide contrast between wet and dry plots. The data presented here indicate 
that infection with Botrytis alli is greatly enhanced by moist conditions. 
The water applied immediately following the inoculation was sufficient for 
the germination of the conidia and possibly for primary infection. How- 
ever, unless daily periods of high moisture were provided, the majority of 
the germinated conidia apparently ceased to develop further, especially 
when relatively hot, dry weather prevailed. 

The indirect method of inoculation produced uniform infection through- 
out the plots, although the percentage of infected bulbs was consistently 
lower than in the plots inoculated by the direct method. The increase in 
percentage of infected bulbs with the direct method indicated that the 
spores were more thoroughly distributed by this than by the indirect 
method. 

The mild varieties were found to have consistently higher neck rot 
indices than the strongly pungent varieties in each color group. The differ- 
ences between the colored and noncolored varieties in the mild class were 
not significant, but in the pungent class the index was significantly higher 
in the white variety than in either colored variety. It is to be noted that 
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in observations on the relation of color to neck rot previous to those of 
Hatfield et al. (2), only pungent varieties were cencerned (7, 9, 10, 11). 
The neck rot organism invades the onion bulb primarily through dead or 
senescent tissue of the neck or through wounds in the bulb. It is sensitive 
to the phenolic compounds of the outer colored scales, but these antibiotie 
substances appear in the dead neck tissue in lower quantities than on the 
bulb proper. Once the neck rot fungus has penetrated past the outer scales 
of the bulb, it becomes associated with the pungent antibiotics of the fleshy 
scales and these undoubtedly have a fungicidal effect on the invading 
mycelium. 

There were some indications in previous studies that, during seasons 
favorable for neck rot development, the mild varieties appeared to be more 
susceptible than the pungent varieties. The 1948 results have shown 
pungeney and not color to be the more important factor for resistance to 
neck rot. This was found to be true in each case regardless of the moisture 
eondition. However, where the environmental conditions were more 
favorable for disease development, there was a much greater difference be- 
tween the pungent and the mild varieties. 

The wet treatment increased the smudge index over that of the dry treat- 
ment, especially in the white varieties. While the index for the pungent 
variety in each color class was lower than that of the mild variety, the 
differences were consistently significant only in the wet treatment. In this 
treatment difference between white and colored classes was much greater 
than between mild and strong classes. This showed that in the case of 
smudge, in contrast to neck rot, the phenolic antibiotics associated with 
eolor were much more influential than the antibiotics associated with 
pungency. 

The black mold disease was favored by dry conditions and in this respect 
it is in strong contrast to neck rot and smudge. In view of the data secured 
in this investigation and those reported by Hatfield et al. (2), it appears that 
while there is a tendency for the outer scale phenolic compounds to enhance 
black mold, the effect of this group of compounds is less pronounced and 
less consistent than is the case with neck rot and with smudge. 


SUMMARY 


A study was made of the influence of pungency, color, and moisture 
supply upon the development of neck rot (Botrytis allii), smudge (Col- 
letotrichum circinans), and black mold (Aspergillus niger). Six varieties 
of onions were grown in field plots naturally infested with smudge and black 
mold, and artificially inoculated with neck rot. The incidence of each 
disease was studied under a normal environment and under excessively 
moist conditions. 

An abundance of moisture greatly increased the occurrence of neck rot. 
The disease was more severe on mild than on pungent varieties. In the 
mild class there was no difference between colored and white varieties, while 
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in the strong class the colored varieties had significantly lower indices than 
white varieties. Waind-borne Botrytis spores incited severe neck rot infee- 
tion under wet conditions, 

Pungent varieties in each color group had lower smudge indices than 
mild varieties. White varieties had significantly higher indices than 
colored varieties. High moisture increased smudge development. 

Black mold was somewhat more severe under dry than under moist condi- 
tions. Under dry conditions there was little difference in its development 
on white and on colored varieties. Under moist conditions colored varie- 
ties showed more black mold development than did white varieties. Pun- 
gency was not important in determining the incidence of this disease 
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VARIANTS OF THE TOBACCO NECROSIS VIRUS IN WISCONSIN 
ROBERT W. FULTON 
(Aecepted for publication November 23, 1949) 


The tobaeco necrosis virus, first described in 1935 by Smith and Bald 
(11), is unusual in several respects. Natural infection occurs in the roots of 
susceptible greenhouse-grown plants and causes no symptoms. When ex- 
tracts of infected roots are inoculated to the leaves of a plant, however, local 
lesions appear. Price (8) has shown that the virus has a wide host range, 
but that it remains localized, or nearly so, in all susceptible plants. 

Studies by Smith (9, 10) showed that the virus could remain infectious 
for more than 2 months in soil, and that it might be introduced into the soil 
with the water used for watering the plants. Natural wounds caused by 
erowth of the roots in soil were necessary for infection. 

In addition to its oecurrence in England, Smith and Bald (11) mention 
the occurrence in Australia of what is apparently the same virus. More 
recently Bawden and Van der Want (4) have identified the bean stipple- 
streak virus, oecurring in Holland, as related serologically to one isolate of 
tobacco necrosis virus. The virus has not been described previously as 
occurring in the United States, except that Price (6) recovered it once from 
the roots of a tobacco plant grown from seed produced in England. 

The purpose of the present paper is to report the occurrence of what ap- 
pear to be strains of the tobacco necrosis virus both in the greenhouse and 


in the field at Madison, Wisconsin. 


METHODS 


Most of the plants used in this investigation were grown in the green- 
house at 80° F. in soil-compost containing a high percentage of decomposed 
manure. Inoculations were made by commonly used methods of wiping 
earborundum-dusted leaves with gauze pads saturated with the virus ex- 
tracts. The hosts most commonly used were tobacco (Nicotiana tabacum L. 


Havana Seed No. 38) and cowpea (Vigna sinensis Endl. var. Blaeckeve). 


EXPERIMENTAL RESULTS 


Tneide nce of Virus in the Roots of Greenhouse-Grown Plants 


The virus was first isolated from the roots of guar (Cyamopsis tetragona- 
lobus (l.) Taub.). Extracts of necrotie roots of one plant caused large, dark 
local lesions on the leaves of guar, and whitish local lesions on the leaves of 
tobacco. In subsequent attempts the virus was recovered from normal- 
appearing guar roots about as frequently as from necrotic roots. Necrotie 
symptoms could not be produced on roots by inoculating with the virus. 
It was concluded that the virus was not the cause of the root-rotting observed 
on some of the plants. 
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Preliminary trials showed that the thermal inactivation point of the virus 
was above 90° C. for 10-min. exposures. The virus did not become systemic 
in cowpea, tobacco, or bean (Phaseolus vulgaris L. var. Great Northern), and 
the symptoms corresponded closely with those described for the tobacco 
necrosis virus. 

A survey was made to determine the incidence of virus in the roots of 
several plant species being grown in the greenhouse. The plants tested had 
been grown for various periods in untreated soil-compost, and watered with 
tap water. The roots were removed and washed free of soil in running tap 
water. Extracts of the roots, diluted with a small amount of phosphate 
buffer (pH 7) were inoculated to tobacco leaves. 

About 10 per cent of the plants tested were found to contain the virus 
in their roots. In most cases, when roots contained virus, it was present in 
sufficient concentration to cause 50 or more lesions per leaf on tobacco. 
Tobacco roots were somewhat more commonly infected than were guar roots. 
Virus was obtained from the roots of 7 out of 39 tobacco plants, and 5 out of 
52 guar plants. Ina miscellaneous group of species the virus was obtained 
once from the roots of Solanum nigrum L. 


Occurrence in Soil-Compost 


In order to check on the presence of the virus in the soil-compost, trials 
were run in which comparable sets of tobacco plants were grown in untreated 
soil-compost and in soil-compost that had been steamed for 30 min. Indi- 
vidual pots were set in glazed crocks to prevent contamination from below. 
One group of pots of both untreated and steamed soil-compost was watered 
with tap water, and one group was watered with distilled water. After 6 
to 8 weeks’ growth at 65° to 70° F., extracts of the washed roots were in- 
oculated to healthy tobacco. The results of a number of trials are presented 
in table 1. 


TABLE 1.—The effect of steaming soil-compost on the subsequent occurrence of 
tobacco necrosis virus in roots of tobacco 


Occurrence of virus in roots in 5 trials 


Soil treatment Watered with: 
I Il Ill IV V 
Steamed 30 min. Tap water 0 0 0 0 0 
Distilled water 0 0 0 0 0 
None Tap water } 
Distilled water { } } } 0 


Since the roots of plants grown in unsteamed soil-compost were infected, 
regardless of the source of water, and those grown in steamed soil-compost 
were not, it was concluded that the virus was present in the soil-compost at 
the time of potting. Under the conditions of the experiments there was no 
evidence that the virus reentered steamed soil from an outside source. 

In these trials the virus was found much more consistently in the roots 
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of plants grown at temperatures below 70° F. than it had been in plants 
erown at 80° F. A number of other trials were run in which all the roots 
tested were apparently free from virus. It seems significant that the trials 
ceiving positive results were run in November, December, and January. The 
trials giving completely negative results were run during the early fall or 
spring months when the total illumination was greater and the temperature 
could not be maintained below 70° F. Smith and Bald (11) have noted that 
the occurrence of the tobacco necrosis virus was more common in winter than 
in summer. 

Despite numerous attempts, virus was never obtained by inoculating soil- 
compost extracts to tobacco. Evidently there was only a very small amount 


of active virus naturally present in the soil-compost. 


Natural Occurrence of Tobacco Necrosis Virus in Tulips 


KXassanis (5) has reported that a severely necrotic disease of tulips grown 
under glass was found to be caused by tobacco necrosis virus. Naturally in- 


fected field-grown tulips (Fig. 1) collected’ at Madison, Wisconsin, during 





Fic. 1. Symptoms of tobacco necrosis virus on naturally infected tulip leaves. The 
leaf on the left is healthy, the three on the right are diseased. 
the 1948 and 1949 seasons showed symptoms very similar to those described 
by Kassanis (5). Leaves of affected plants had many elongate, light-colored, 
necrotic areas with dark margins. Such leaves were stunted and twisted. 


The author is indebted to Mr. Hwei-Chung Faan for the original demonstration 
that this disease of tulips was caused by a virus transmissible to tobacco. 
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In a few cases there were dark necrotic streaks in the petals, from which the 
virus was recovered. 

The disease occurred on less than 0.1 per cent of the tulips observed. 
The erratic distribution of diseased plants suggested that there was no cur- 
rent-season spread from plant to plant. Furthermore, since all the leaves 
on a diseased plant had many local lesions it seems likely that infection 
occurred in the bulb stage. 

The tulips had originally been imported from Holland, and it was 
thought that the virus also might have been imported. No disease was 
found, however, on tulips grown from bulbs imported within the previous 
year. Since all the diseased plants observed eventually died it did not 
seem likely that the virus would be perpetuated from year to year in the 
bulbs. Also, as far as could be determined, there had been no contact be- 
tween the tulip beds and the soil-compost prior to its use in the greenhouse 
experiments. 

Extracts of diseased tulip leaves produced symptoms on tobaceo, cowpea, 
and several other hosts which were indistinguishable from those produced 
by the virus obtained from greenhouse sources. The longevity in vitro of 
the virus, and its high thermal inactivation point, were also similar to those 
properties of the greenhouse isolates. 


Host Range 


Although no extensive trials were made to determine the host range of 
the original greenhouse isolate, local necrotic symptoms were produced, and 
the virus was recovered from 22 out of 30 species inoculated. Many of these 
were previously reported susceptible by Price (8). Those not previously 
reported susceptible were: Arachis hypogaea l., Brassica oleracea var. 
capitata L., Citrullus vulgaris Schrad., Cucumis melo L., Cucurbita maxima 
Duchesne, Cyamopsis tetragonalobus (l.) Taub., Hordeum vulgare L., 
Trifolium practense L., T. repens L., and Zea mays L. Of the species which 
did not become infected, Lychnis alba Mill., Raphanus sativus L., and 
Tropaeolum majus L. were also reported not susceptible by Price (8). 


Separation of Isolates Causing Different Symptoms 


On some hosts, particularly cowpea and tobacco, it was apparent that 
there were variations in the size and type of local lesions. By repeated 
transfer of single, well separated lesions, isolates were obtained which were 
apparently pure and which differed in the type of symptom produced. The 
six most distinctive isolates were selected for further study. The symptoms 
on cowpea are illustrated in figure 2, and comparative descriptions on cow- 
pea and tobacco are presented in table 2. Tentatively these isolates have 
been designated as strains. 


Properties of the Strains 


A further basis of differentiation of the six strains was found when cer- 
tain physical properties were investigated. Thermal inactivation points 
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Fic. 2. Symptoms of strains A through F of the tobacco necrosis virus on primary 
leaves of cowpea. The leaves were photographed 4 days after inoculation 


were determined by heating 0.5 ml. of infected leaf extract for 10 min. The 


source of virus was infected tobacco leaves for all strains except B, which 


was tested in cowpea leaf extract. Tests for remaining virus activity were 


TABLE 2. Symptoms of six strains of tobacco necrosis virus on cow pea and tobacco 


Strain Symptoms on cowpea 


\ Chlorotie local lesions (2 to 3 mm.); red flecks 


at margins of lesions if leaves exposed to long pe- 


r1o¢ 


of sunlight. 


B Large red necrotie lesions (5 to 6.5 mm.) :; abscis 


sion of inoculated leaves: occasionally systemic 


necrosis of growing point. 


C Very small red necrotie lesions (less than 0.5 
mm. Number per unit area greater on cowpea 


than on tobacco. 


D Re d necrotie lesions (2 mm. 

E Red necrotie lesions (2 mm. 

F Red necrotic lesions (3 mm.) with light-colored 
eenters., 


Symptoms on tobacco 
White, ringlike lesions, mar- 
gins indefinite. 


Infection sporadic. When 
produced, lesions indistinet 
spreading areas of necrotic 
flecking. 


White neecrotie lesions 
(1 mm. 


Distinet necrotie lesions with 
dark margins (3 to 5 mm.). 


White necrotie lesions, mar- 
gins indefinite. 


White neerotie lesions (3 to 
5 mm.) tending to be ring- 


like. 
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made by inoculating healthy tobacco, except with strain B, which was in- 
oculated to cowpea. 

As can be seen from table 3, the thermal inactivation points ranged from 
86° to 96° C. Of particular interest were the unusually high thermal in- 
activation points of 96° and 94° C. found for strains A and B. After pre- 
liminary trials had shown that complete inactivation was not obtained by 


‘ 


heating for 10 min. at 92° C., a tobacco mosaic virus ‘‘control’’ was run at 
the same time as strains A and B. The tobacco mosaic virus was completely 
inactivated by a 10-min. exposure to 92° C., while strains A and B were not. 
In asingle trial extracts of strain .\ and tobacco mosaic virus were mixed in 
equal amounts and 0.5-ml. portions heated for 10 min. at temperatures just 
below and just above the thermal inactivation points of each virus. When 
the extracts were inoculated to tobacco, those heated at 88° and 90° C. gave 
infection with both viruses. Those heated at 92° and 94° C. gave infection 
only with strain A. 

A characteristic feature of the thermal inactivation trials with all of the 
strains was the great reduction in the number of lesions obtained at tempera- 
tures much below that required for complete inactivation. This effect was 
described by Price (7). As Bawden (1) pointed out, with this type of 


TABLE 3.—Thermal inactivation points of five strains of tobacco necrosis virus 


Average number of lesions per leaf inoculated with extracts 





as No. heated 10 min. at: (° C.) 
trials - : en 
70 80 82 4 86 8 90 99° 94 96 
A 4 126 3 6 2 ] 0.3 0 
B 3 9 3 6 3 0.5 0) 0 
( 4 20 4 9 2 0.6 0 0 
E ; 6 2 l ] 0 0 
F 3 41 23 7 3 1 0 0 


4 Lesions too numerous to count on the respective control leaves inoculated with un- 
heated extracts. 
behavior variations in the concentration of virus in the treated extracts and 
in the susceptibility of the test plants may markedly affect the apparent 
thermal inactivation point. On the other hand, although the results re- 
ported were obtained at different times of the year, variations of more than 
2° C. in the observed end point occurred only twice. The difference be- 
tween isolates A and C, for example, appeared to be consistent and repro- 
ducible. 

In running the thermal inactivation trials it was found that isolate D was 
so unstable that unheated extracts showed little or no activity after standing 
for about 1 hr. Other strains showed no detectable drop in local lesion 
counts in 1 hr. All efforts to stabilize extracts of isolate D by the addition 
of reducing agents, changes of pH, or the addition of adsorbents failed to 


prolong activity. 
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DISCUSSION 


Recent reports of Kassanis (5) and Bawden and Van der Want (4) indi- 
cate the potential economic importance of the tobacco necrosis virus. As yet 
the data on its occurrence in the United States are not sufficient to indicate 
whether it is rare, whether it is commonly present and usually undetected, 
or whether it is a recent introduction that may be expected to become more 
widely disseminated. The data obtained on its incidence in the roots of 
ereenhouse-grown plants showed that it was less prevalent than has been 
reported by British investigators. This may be due to less favorable envi- 
ronmental conditions. 

An unusual feature of the virus is its apparent persistence in soil in the 
absence of green plants. This is difficult to correlate with the observed in- 
activation in extracts aged for only 3 or 4 weeks. The aging in extracts 
may not present a true picture of the stability of the virus under other con- 
ditions. Seitz-filtered tobacco extracts, for example, still contained a high 
concentration of active virus after storage at 2° C. for more than a year. 
Similarly, the persistence of virus in dry root tissue in soil may be greater 
than under artificial conditions. Apparently a quantity of virus in soil, 
too small to be detected on direct inoculation, is sufficient to initiate infee- 
tion when roots are grown in the soil. 

[t is difficult, on the other hand, to see how a virus as unstable as strain D 
could exist for any time in soil. It seems possible that this strain arose as a 
mutant capable of being perpetuated only by mechanical transmission. It 
may be that the other isolates arose in the same manner in infected roots. 

The consistent differences in symptoms obtained between the six strains 
demonstrated that different viruses, or different strains of virus, were in- 
volved. Bawden (1) and Bawden and Pirie (2, 3) have shown that isolates 
of tobacco necrosis virus producing similar symptoms were unrelated sero- 
logically. It might be supposed that similar differences may exist between 
the six strains reported here. Until such differences have been shown, how- 
ever, it seems proper to consider the isolates as strains rather than as distinct 
viruses. From the standpoint of pathology the strains have more points of 
similarity than of difference. 

Since only about 10 percent of the roots tested were infected it might be 
expected that if six different viruses were involved, roots infected with more 
than one virus would be found only rarely. However, symptoms resembling 
most of the six types were usually obtained from one naturally infected root 
system or a single tulip leaf, provided a sufficiently large number of cowpea 
leaves were inoculated with dilute inoculum. If the assumption that these 
strains originated in infected roots is correct, a rather high mutation rate is 


indicated. 
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SUMMARY 


A virus found in about 10 per cent of the roots of apparently healthy 
greenhouse-grown tobacco and guar plants produced symptoms on the leaves 
of a number of plants closely resembling the symptoms described for the 
tobacco necrosis virus. The same virus was found causing a severe necrotic 
disease of tulips grown out-of-doors. Since roots of tobacco remained un- 
infected when grown in steamed soil-compost in the greenhouse, it was con- 
eluded that the virus was present in the soil-compost used, and was not 
usually introduced from an outside source. 

By repeated transfer of single lesions on cowpea leaves, six isolates were 
obtained which differed consistently in the type of symptoms produced on 
the leaves of cowpea and tobacco. Differences in the thermal inactivation 
points of five of these isolates appeared consistent and ranged from 86° to 
96° C. One isolate was so unstable in tobacco leaf extracts that little or no 
activity could be detected after standing for 1 hr. It is believed that these 
isolates represent strains of tobacco necrosis virus. 
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